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The work which we now place in its original Library form 
within the reach of every reader of the English tongue is one of the 
finest productions of its distinguished author. Tlie first edition 
appeared in 1874. At that time the conviction of man's natural 
evolution was even less advanced in Germany than in England, and 
the work raised a storm of controversy. Theologians — forgetting 
the commonest facts of our individual development — spoke with the 
most profound disdain of the theory that a Luther or a Goethe could 
be the outcome of development from a tiny speck of protoplasm. 
The work, one of the most distinguished of them said, was “ a fleck 
of sluiine on tlie escutclieon of Germany.” To-day its conclusion is 
accepted l)y influential clerics, sucli as the Dean of Westminster, and 
by almost every iiiologist and anthropologist of distinction m Europe. 
Evolution is not a laboriously reached conclusion, but a guiding truth, 
in biological literature to-day. 

There was ample evidence to substantiate the conclusion oven in 
tlie first edition of the hook. But fresli facts have come to light in 
eacli decade, always enforcing the general trutli of man’s evolution, 
and at tunes making dealer the line of development. Professor 
Haeckel emliodied these in successive eilitions of his work. In the 
fifth edition, of which this is a translation, reference will ho found 
to tlu‘ vei-> latest facts l)earing on tho evolution of man, such as the 
discov{'r> of the I'emarkable effect of mixing luiman blood with that 
of the lower animals Moreover, tho aini>lo senes of illustrations 
lias hcuMi cotisidiM'ahly imiiroM'd and enlai'ged , thei'e is no scientific 
work puhlished, at so moderate, a price, with so abundant and 
excellent a suj)])ly of illustrations. When it was issued in Germain, 
a few years ago, a distinguished biologist wrote in tho FranlJ ii > tci 
ZcihoKj that it would secure imimn'tality for its author, the most 
notable critic of tho idea of immortality. Ami the Duilij Trlnpdph 
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reviewer described the English version as a “ handsome edition of 
Haeckel’s monumental work,” and “ an issue worthy of tlie suliject 
and the author.” 

The influence of such a work, one of the most constnictivo tlnit 
Haeckel has ever written, should extend to more tluin the few 
hundred readers who were able to purchase the ex])ensivo volumes 
of the original issue. Eew^ pages in the story of science are more 
arresting and generally instructive than this great picture of 
“mankind in the making.” The liori^son of the mind is heallliily 
expanded as w’e follow the search-light of science down the vast 
avenues of past time, andga^e on the uncouth forms that enter into, 
or illustrate, the line of our ancestry. And if the imagination reci>ils 
from tlie strange and remote figures that arc lit up by our searcli- 
light, and hesitates to accept them as ancestral forms, science' di’aws 
aside anotlier veil and reveals another ])ioture to us. It shows us 
til at each of us passes, in our ombryonic doM'lopnu'nt, through a 
series ot forms luirdly loss uncoutli and unfamiliar Ntij,. it traces 
a parallel between the two series of forms. It shows us man 
beginning his existence, in the ovary of the female infant, as a 
minute and simple speck of jellN-like plasm. It shows ns (from 
analog>) tlie fertilised ovum breaking into a clusti'r of eolu'rmg etdls, 
and lolding and curving, until ilu* limh-less, head-h'ss, long-1 aihvl 
Icetus looks like a worm-shaped body. It then points out how gill- 
slits and corres])on(ling hlood-v'essels apiiear, as in a lowlv ti'-^h, and 
the lin-lik<‘ exii’cinities hud out. and glow mlo iimhs, and so on, 
until, a.ft{‘r a verj, clear ape-stage, tiu' dotinite hunian lonn ('inorges 
Iroin the senes of traiisfoi mat ions 

It IS witii this emlmvological <'\ Kh'iiee lor out (wolulmn ihal tlu' 
l)resenl woik is concerned. Tlu're are illiistiations in its jiages that 
will inak(‘ tlie point eleai at a glance. I’o.ssihlv loo <doai . tor tin' 
siin])luMt\ of the idea and the (‘agenu'ss to api)!\ it at (wei s point 
have earned inanV, wlio borrow InistiK from Ihu'ckel, out ol tludr 
sclent, ilie depth. Haeckel lias never shan'd thcii errors, nor 
oncciinagi'd their sipierliciality. He insists from the oiil.si't that a 
complete jiariillel could not possibly be (‘\poeted. Minbrvonic hlV 
itself is subject to evolution. Though there is a general and 
substantial law— as most of our English and American autlionties 
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admit — that the embryonic series of forms recalls the ancestral series 
of forms, the parallel is blurred throughout and often distorted. It 
is not the obvious resemblance of the embryos of different animals, 
and their general similarity to our extinct ancestors in this or that 
organ, on which we must rest our case. A careful study must be 
made of the various stages through which all embryos pass, and an 
effort made to prove their real identity and therefore genealogical 
relation. 

This is a task of great subtlety and delicacy. Many scientists 
have worked at it together with Professor Haeckel — I need only 
name our own Professor Balfour and Sir E. Ray Lankester — and the 
scheme is fairly complete. But the general reader must not expect 
that even so clear a widter as Haeckel can describe these intricate 
processes without demanding his ’veiy careful aotention. Most of 
the cliapters in tlie first volume (and the second volume will be 
less difficult) are easily intelligible to all; but there are points at 
which the line of argument is necessarily subtle and complex In 
the hoi)e that most readers will be induced to master even these 
more difiicult chapters, I will give an outline of the characteristic 
argument of tlie work. Haeckel’s distinctive services in regard to- 
man’s evolution have ])een : (1) The construction of a complete 
ancestral tree, tliough, of course, some of the stages in it are purely 
conjectural, and not final ; (2) The tracing of the remarkable repro- 
duction of ancestral forms m the embryonic development of the 
individual. Naturally, he has not worked alone in either depart- 
ment. Tho second volume of this work emboihes the first of 
these two achievements, the first volume is mainly concerned with 
tho latter. It will ho useful for tlio reader to have a synopsis of the 
avgiimont and an cxjilanation of some of tho chieL terms invented or 
employed by the author. 

The main tlieme of tho work is that, in the course of their 
embryonic (levolo])nient, all animals, including man, pass roughly 
and rajiidly tlirough a series of forms which represents the succession 
of their ancestors in the past. After a severe and extensive study 
of omhryonic iihenomena, Haeckel has drawn up a “law” (in the 
ordinary scientific sense) to this effect, and has called it “ the 
biogenetic law,” or the chief law relating to the evolution ({/c?ic.sv.s) 
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of life {bios). This law is widely and increasingly accepted by 
embryologists and zoologists. It is enough to quote a recent 
declaration of the great American zoologist, President D. StaiT 
Jordan : “It is, of course, true that the life-histoiy of the individual 
is an epitome of the life- history of the race while a distinguished 
German zoologist (Sarasin) has described it as being of the same 
use to the biologist as spectrum analysis is to the astronomer. 

But the reproduction of ancestral forms in the course of tlie 
embryonic development is by no means always clear, or even always 
present. Many of the embryonic phases do not recall ancestral 
stages at all. They may have done so originally, but we must 
remember that the embryonic life itself has been sul^joct to adaptive 
changes for millions of years. All this is clearly expUrined by 
Professor Haeckel. For the moment, 1 would impress on tlio 
reader the vital importance of fixing tlio distinction from tlie start. 
He must tliorougbly faimluirise himself with the meaning of live 
terms. Bumenu is tlie development of life in general (liotli m the 
individual and the s])ecies), or the sciences desenhing il. ()nto(fo}\}i 
IS tlio development (embryonic and post-embrvonic) of tlu‘ individual 
(o//), or the science descrilnng it. PhiiUmotiu is Ibe development of 
tlio race oi stem (jjIihIoii), or the science di'scribing it. RougliK, 
^niUxitnui iiiav lie taken to mean emi)r\()log> , and pliiflixicuii what we 
goni'i'iilh call eiolution. Kiirthei, tlu* (‘inbiwomc plK'noimma soiiu'- 
times iviu-oducc'. ancestral foims, and tlie\ an' llu'n ealli'd jxdin- 
ijxnxiic (from jxtiiii again) sometmu's tlie\ do no! recall iinei'stral 
forms, but are lah'r moililii-atioiis due to adaptation, and tlu'\ an* 
then called couxioiixtic (from /ov/o.s new or ton-igii) 'I’liese terms 
are now wideK used, but the leadi'r ol Haeckel inuht imdeistand 
them thoroughU . 

'riie first five chapters are an eas\ account of tiu' histoiw of 
(’niln>olog\ and I'voliilion 'Fhe sixth and sc\enth gi\e an ('([uallN 
ch'ar account of the si-xual eh'nii'iils and tlu' piocess of coiu-ept ton. 
But sonic of the succeeding cliapti'rs must deal with ('iiihrsonic, 
])rocesses so unfamiliar, and jairsiie tlu'in through so widi' a range 
of animals in a liriet space, that, m spite of tlu' ‘JlO ilhisti ations, 
they will offer diflicultx to inan> a reader. As our aim is to secun', 
not a suporticial acipiiescenco in conclusions, hut a fair comprelu'u- 
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sion of the truths of scienee, we have retained these chapters. 
However, I will give a brief and clear outline of the argument, so 
that the reader with little leisure may realise their value. 

When the animal ovum (egg-cell) has been fertilised, it divides 
and sub-divides until we have a cluster of cohering cells, externally 
not unlike a raspberry or mulberry. This is the morula (=mnlberry) 
stage. The cluster becomes hollow, or filled with fluid in the 
oentre, all the cells rising to the surface. This is the blastula 
(hollow-ball) stage. One half of the cluster then bends or folds in 
upon the other, as one might do with a thin india-rubber ball, and 
we get a vase-shaped body with hollow interior (the first stomach, 
or “primitive gut”), an open mouth (the first or “primitive 
mouth ”,), and a wall composed of two layers of cells (two “germ- 
layers”). This is i\\Q (jastr ala (stomach) stage, and the process of 
its formation is called (jaHtndation. A glance at the illustration on 
p. 125 will make this perfectly clear. 

So much for the embryonic process in itself. The application to 
evolution has l)een a long and laborious task. Briefly, it was 
necessary to show that all the multicellular animals passed through 
these three stages, so that our biogenetic law would enable us to 
recognise them as reminiscences of ancestral forms. This is the 
work of Cliapters VIII. and IX. The difficulty can be reahsed in 
this way : As we reacli the higher animals the ovum has to take up 
a large (juantity of yolk, on which it may feed in developing. 
Think of the bird’s “ egg.” The effect of this was to flatten the 
germ (tho monda and hlciHtida) from the first, and so give, at first 
sight, a totally difi'erent complexion to what it has in the lowest 
animals. Wlion we pass the reptile and bird stages, the large yolk 
almost disa])poars (tlie germ now being supplied with blood by the 
mother), hut the germ has been permanently altered in shape, and 
there are now a number of new embryonic processes (membranes, 
blood-vessel connections, etc ). Thus it was no light task to trace 
the identity of tins process of gastruUttton in all the animals. It 
lias been done, however, and with this introduction the reader will 
])e aide to follow the proof. The conclusion is important. If all 
animals pass through the curious gastrula stage, it must be because 
they all hail a common ancestor of that nature. To this conjectural 
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ancestor (it lived before the period of fossilisation begins) Haeckel 
gives tlie name of the Gastrcea, and in the second volume we shall 
see a number of living animals of this type (“ Gastrujads ”)• 

The line of argument is the same in the next chapter. After 
laborious and careful research (though this stage is not generally 
admitted in the same sense as the previous one), a fourtli common 
stage was discovered, and given the name of tlie CiL’lonuda. Tlie 
blastula had one layer of cells, the hhifitoclerm {(Ivnua skin) ; the 
gastrula two layers, the ectoderm (“ outer skin ”) and entoderm 
(“inner skin”)- Now a third layer {menodcrm middle skin) is 
formed, by the growth inwards of two pouches or folds of the skin. 
The pouches blend together, and form a single cavity (the body 
cavity, or aidom), and its two walls are two fresli “ germ-*layers.” 
.\gain, tlie identity of the process has to be proved in all tlie higlier 
classes of animals, and when this is done wo have anotlier anccstiul 
stage, the Gadom<ea. 

The remaining task is to build up the comi)le\ fnime of the 
higlier animals — always showing the identity of the process (on 
which the evolutionary argument depends) in (moniiously din'erent. 
conditions of embryonic life— out of the four “ genii-lavers.” 
Cha])iei‘ IX jirepares us for the ^\()rk h\ gi\ ing us a M‘i> clear 
account of the essential structure of llu' huck-lioiu'd (\ erti'hrati') 
animal, and t.lu' probable common ancc'sloi* ol all tlu' \i'rl(‘hi at('s (a 
small fisli of the lancelet t\ ixO. Oluipters XI XIV lliiMi carr\ out 
the consiiuction step hv step The woik is now simpler, in the 
stMise that. \\<* le<i\e ail tiie m\ erh'bi ate animals out o( account , huti 
ilKM'i' are so main organs to be faslnoiu'd out ot the foiii simph' 
hiMM's that, t.hc naidcr must proceed carctulK In tlu' si'cond 
volume ('a, ell ol these' organs is tk'alt with se)»aratel\, and the' 
piinillel IS worki'd out bi'twei'ii its emhuome and its ]>h\ loge'iu't le 
(('volutiouai > ) developnu'nt Tlu' ge'ni'ral readi'r uia\ await this lor 
a lull underst.auding Ihit iii tlu' meantime tin* wonde'iliil story of 
the eonstruetiou of all our organs in (he eomse ol a lew v\e('ks (tiu' 
Inimau Irame is pei teeth formed, though less than two inches in 
length, h\ th(' twelfth wei'k) from so simide a iiiaterial is lull ot 
interest. It would he useless to attempt to suinnianse tlu* ])roc<'ss. 
The four cliapters are themselves Imt a summaiy of it, and the 
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eighty fine illustrations of the process will make it sufficiently clear. 
The last chapter of the first volume carries the story on to the 
point where man at last parts company with the anthropoid ape, 
and gives a full account of the membranes or wTappers that enfold 
him in the womb, and the connection with the mother. The second 
volume endeavours to trace the line of man’s ancestry from the 
primeval microbe right up to the ape-man of Java, in a long series 
of chapters, and with illustrations of every step, and also deals 
separately with the evolution of each set of organs in the body. 

A glossary and an index to the two volumes are printed at the 
end of the second volume. 

Joseph McCabe. 

CncUeironch Match, WIO 
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CHAPTER I. 


THE FUNDAMENTAL LAW OF OKGANIC 
EVOLUTION' 

General importance of tiie science of human evolution. Ignorance of it among 
educated people. The two sections of the science of evolution : Ontogeny or 
embryology, and Phylogeny or stem-history. Causal connection between the 
two sections Phylogeny is the cause of ontogeny. Ontogeny as a summary 
or recapitulation of Phylogeny Incompleteness of this summary. The chief 
law of biogeny. Heredity and adaptation are the two constructive functions, 
or the mechanical causes, of evolution. Exclusion of final causes. Sole 
validity of mechanical causes Supplanting of the dualistic by the monistic 
philosophy. Great importance of the facts of embrj'ology for the monistic 
philosophy. Palingenesis and cenogenesis. Evolution of structure and 
function. Necessary connection of physiogeny and morphogeny. Evolu- 
tionary science hitherto an achievement of morphology, not physiology. The 
evolution of the central ners’ous system (the brain and spinal cord) proceeds 
step by stop with that of the psychic or mental life. 


The field of natural phenomena into which I would introduce my 
readers in the following chapters has a quite peculiar place in the 
broad realm of scientific inquiry. There is no object of investigation 
that touches man more closely, and the knowledge of which should 
be more acceptable to him, than his own frame But among all the 
various branches of the natural history of mankind, or anthropology, 
the story of his development by natural means must excite the most 
lively interest. It gives us the key of the great world-riddles at 
which the human mind has been w'orkmg for thousands of years. 
The problem of the nature of man, or the question of man’s place in 
nature, and the cognate inquiries as to the past, the earliest history, 
the present situation, and the future of humanity — all these most 
imiiortant questions are directly and intimately connected with that 
branch of study which we call the science of the evolution of man, 
or, in one word, “ Anthropogeny ” (the genesis of man). Yet it is an 
astonishing liut incontestable fact that the science of the evolution of 
man does not even yet form part of the scheme of general education. 

1 The Euglish works recommenfletl by Profossoi Haeckel are Cha]) xiii, of Darwin’s 
Onain of Species, Spencer’a Pj t/JciiiZes qf and Haeckel’s Biddle of the Untveise — 

Trans. 
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2 FUNDAMENTAL LAW OF OEGANIC EVOLUTION 

In fact, educated people even in our day are for the most part quite 
ignorant of the important truths and remarkable phenomena which 
anthropogeny teaches us. 

As an illustration of this curious state of things, it may be 
pointed out that most of what are considered to be “ educated ” 
people do not know that every human being is developed from an 
egg, or ovum, and that this egg is one simple cell, like any other 
plant or animal egg. They are equally ignorant that in the course 
of the development of this tiny, round egg-ceh there is first formed a 
body that is totally different from the human frame, and has not the 
remotest resemblance to it. Most of them have never seen such a 
human embryo in the earlier period of its development, and do not 
know that it is quite indistinguishable from other animal embryos. 
At first the embryo is no more than a globular group of cells, then it 
becomes a simple hollow sphere, the wall of which is composed of a 
layer of cells. Later it approaches very closely, at one period, to the 
anatomic structm'e of the lancelet, afterwards to that of a fish, and 
again to the typical build of the amphibia and mammals. As it 
continues to develop a form appears whicli is like those we find at 
the lowest stage of mammal-life (such as the duck-bills), then a form 
that resembles the marsupials, and only at a late stage a form that 
has a resemblance to the ape , until at last the definite human form 
emerges and closes the series of transformations. These suggestive 
facts are, as I said, stiU almost unknown to the general public — so 
completely unknown that, if one casually mentions them, they are 
called into doubt or denied outright as fairy-tales. Everybody 
knows that the butteidly emerges from tlie pupa, and the pupa from 
a quite different thing called a laiwa, and the larva from tlio butter- 
fly’s egg. But few besides medical men are aware that man, in the 
course of his individual formation, passes througli a series of trans- 
formations which are not less surprising and wonderl'ul than the 
familiar metamorphoses of the butterfly. 

The mere description of tliese remarkable clianges through which 
man passes during his embryonic life sliould arouse considerable 
interest. But the mind will experience a far keener satisfaction 
when we trace these curious facts to their causes, and when we 
learn to behold in them natural phenomena which are of the liigliest 
importance throughout the whole field of human knowledge. They 
throw’' liglit first of all on the “ natural history of creation,” then on 
psychology, or “ the science of the soul,” and througli this on the 
whole of philosophy. And as the general results of every branch of 
inquiry are summed up in philosophy, all the sciences come in turn 
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to be touched and influenced more or less by the study of the evolu- 
tion of man. 

But when I say that I propose to present here the most im- 
jportant features of these phenomena and trace them to their causes, 
I take the term, and I interpret my task, in a veiy much wider 
sense than is usual. The lectures which have been delivered on this 
subject in the universities during the last half-century- are almost 
exclusively adapted to medical men. Certainly, the medical man has 
the greatest interest in studying the origin of the human body, with 
which he is daily occupied. But I must not give here this special 
description of the embiyonic processes such as it has hitherto been 
given, as most of my readers have not studied anatomy, and are not 
likely to be entrusted -with the care of the adult organism. I must 
content myself with giving some parts of the subject only in general 
outline, and must not enter upon all the marvellous, but very 
intricate and not easily described, details that are found in the story 
of the development of the human frame. To understand these fully 
a knowledge of anatomy is needed. I will endeavour to be as plain 
as possible in dealing with this branch of science. Indeed, a suffi- 
cient general idea of the course of the embryonic development of 
man can be obtained without going too closely into the anatomic 
details. I trust we may be able to arouse the same interest in this 
delicate field of inquiry as has been excited already in other branches 
of science; though we shall meet more obstacles here than else- 
where. 

The story of the evolution of man, as it has hitherto been 
expounded to medical students, has usually been confined to 
embryology — or, more correctly, ontogeny — or the science of the 
development of the individual human organism. But this is really 
only the first part of our task, the first lialf of the story of the 
evolution of man in that wnder sense in which we understand it 
liere. We must add as the second half — as another and not less 
important and interesting branch of the science of tlie evolution of 
the human stem — phylogeny: this maybe described as tlie science 
of the evolution of the various animal forms from which the human 
organism has been developed in the course of countless ages Ever^^- 
body now knows of the gi-eat scientific activity that was occasioned 
by the publication of Darwin’s Origin of Spociea in 1859. The 
cliief direct consequence of tliis publication was to provoke a fresh 
inquiry into the origin of the human race, and this has proved 
beyond question our gradual evolution from the lower species. We 
give the name of “Phylogeny” to the science which describes this 
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ascent of man from the lo'wer ranks of the animal world. The chief 
source that it draws upon for facts is “Ontogeny,” or embryolog>^, 
the science of the development of the individual organism. More- 
over, it derives a good deal of support from paleontology, or the 
science of fossil remains, and even more from comparative anatomy, 
or morphology. 

These two branches of om* science — on the one side ontogeny or 
embryology, and on the other phylogeny, or the science of race- 
evolution — are most vitally connected. The one cannot be under- 
stood without the other. It is only when the two branches fuUy 
co-operate and supplement each other that “ Biogeny ” (or the 
science of the genesis of life in the widest sense) attains to the rank 
of a philosophic science. The connection between them is not 
external and superficial, but profound, intrinsic, and causal. This is 
a discoveiT made by recent research, and it is most clearly and 
correctly expressed in the comprehensive law which I have called 
“the fundamental law of organic evolution,” or “the fundamental 
law of biogeny.” This general law, to which we shall find ourselves 
constantly recurring, and on the recognition of which depends one’s 
whole insight into the story of evolution, may be briefly expressed in 
the phrase: “The history of the foetus is a recapitulation of the 
history of the race or, in other words, “ Ontogeny is a recapitula- 
tion of phylogeny.” It may be more fully stated as follows : The 
series of forms through which the individual organism passes during 
its development from the ovum to the complete bodily stiucture is a 
brief, condensed repetition of the long seiies of forms wliicli the 
animal ancestors of the said organism, or the ancestral forms of the 
species, liave passed through from the earliest perioil of organic life 
dovm to tlie present day. 

The causal character of the relation wlucli connects embryology 
with stem-history is due to tlie action of heredity and adaiitation. 
When we liavo rightly understood tliese, and recogniHoil their groat 
imiiortance in the formation of organisms, we can go a step further 
and say Phylogenesis is tlie inoclianical cause of ontogenesis.^ In 
otlior woids, the development of the stem, or race, is tlie cause, m 
accordance with the physiological laws of heredity and adaiitation, 
of all the changes which apiiear in a^condensed form m the evolution 
of the fcjotus. 

1 Tlu> teiiii ‘‘soiifsis,’’ wliich iochvh tlirouylioni, moans, of conrso, “hirtli” ov “origin ’’ 
From this wo got Ihogenv 'the origin ot lito Authroiiogeuv tho tirigin of man 

iantJu-uiwH) ; Oiitogenv= the origin ot the individual (on). Phylogeny the origin ot the 
species [iiliulon), and so on In each case the term may refer to tho process itself, or 
to the science describing the process — Tiianb. 
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The chain of manifold animal forms which represent the ancestiy 
of each higher organism, or even of man, according to the theoiy of 
descent, always forms a connected whole. We may designate this 
uninterrupted series of foims with the letters of the alphabet : A, B, 
C, D, E, etc., to Z. In apparent contradiction to what I have said, 
the story of the development of the individual, or the ontogeny of 
most organisms, offers to the observer only a part of these forms ; 
so that the defective series of embryonic forms would run : A, B, D, 
F, H, K, M, etc,; or, in other cases, B, D, H, L, M, N, etc. Here, 
then, as a rule, several of the evolutionaiy forms of the original 
series have fallen out. Moreover, we often find — to continue with 
our illustration from the alphabet — one or other of the original letters 
of the ancestral series represented by corresponding letters from a 
different alphabet. Thus, instead of the Roman B and D, we often 
have the Greek B and A. In this case the text of the biogenetic law 
has been corrupted, just as it had been abbreviated in the preceding 
case. But, in spite of all this, the series of ancestral forms remains 
the same, and we are in a position to discover its oiiginal com- 
plexion. 

In reality, there is alwa^’s a certain parallel between the two evolu- 
tionary series. But it is obscured from the fact that in the embiyonic 
succession much is wanting that certainly existed in the earlier 
ancestral succession. If the parallel of the two series were complete, 
and if this great fimdamental law affirming the causal nexus between 
ontogeny and phylogeny in the proper sense of the word were dnectly 
demonstrable, we should only have to determine, by means of the 
microscope and the dissecting knife, the series of forms through 
which the fertilised ovum ijasses in its development , we should then 
have before us a complete picture of the remarkable series of forms 
wdiich our animal ancestors have successively assumed from the 
dawn of organic life down to the appearance of man. But such a 
repetition of the ancestral history by the individual in its embryonic 
life IS very rarely complete. We do not often find our full alphabet. 
In most cases the correspondence is very imperfect, being greatly 
distorted and falsified by causes which we will consider later., We 
are thus, for the most part, unable to determine in detail, from the 
study of its embryology, all the different shapes which an organism’s 
ancestors have presented ; we usually — and especially in the case of 
the human foetus — encounter many gaps. It is true that we can fill 
up most of these gaps satisfactorily with the help of comparative 
anatomy, but we cannot do so from direct embryological obseiwation. 
Hence it is important that we find a large number of lower animal 
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forms to be still represented in the course of man’s embryonic 
development. In these cases we may draw our conclusions witli tlie 
utmost security as to the nature of the ancestral form from the 
features of the form which the embryo momentarily assumes. 

To give a few examples, we can infer from the fact that the 
human ovum is a simple cell that the first ancestor of our species 
was a tiny unicellular being, something like tlie Amueba. In the 
same way, we know, from the fact that the human foetus consists, 
at the first, of two simple cell-layers (the (jaatnild), tliat the (htatnea, 
a form with two such layers, was certainly in the line of our ancestry. 
A later human embryonic form (the chonhila) points just as clearly 
to a worm-like ancestor (the Prochordonia), the nearest living 
relation of which is found among the actual Ascidiie. To this 
succeeds a most important embryonic stage {Acntnm), in which our 
headless fcetus presents, in the mam, tlie structure of tlie Ampliioxus. 
But we can only indirectly and aiiproximately, with the aid of com- 
parative anatomy and ontogeny, conjecture what lower forms enter 
into the chain of our ancestry between the Cl astra'ti and tlie Chordula, 
and between this and tlie Amjihioxus In the course of the historical 
development (by means of herodit> in a eoiidensi’d form) man> inter- 
mediate structures have graduallv fallen out, which must, certainly 
have been represented in our ancestry. But, in spiti* of tlu‘st‘ iujuin, 
and soiiietimos very appreciable, gaps, there is uo eontradictitm 
hetw'een tlio tw’o successions. In fact, it is the chad' lairposi’ of tins 
w^ork to prove the real harmony and the original parallelism of ilii' 
tw'o. 1 lu)[)e to show, on a suhslanlnil basis ol lacts, that we can 
draw most important conclusions as to our getu'iilogiciil tree' Iroiu 
the actual and easil\ -chMiionsl.rahh' s(*nes of (Miihuonic cliaiigi's. 
We shall then ho in a iiosition to loiiu a giuKM’al id('a ol tlu' wt'alth 
of animal forms which hav(‘ figur'd in llu' dir(‘ct liiu' ol our ;nu‘t'str> 
in the lengthy liistor> of organic lile 

111 this j>h\ logenetic appreciation of the facts of enihi\olog\ we 
must, of course, take particular care to distiiigiiish sharpK mid (d(‘ail\ 
lietw'oen the iiriiuitivi’, pahiigeiietic (or ancestral) (W olut ionmw pro- 
cesses and those due to cenogenesis ' I>\ pnhutir/N'I/r pr(H*('->ses, or 

omhr^onic ivnijjiliilatioiis, we undeistand all llioso jilieiioiuena in 
the devel()[)ment of the induidiial wliu-li ar(‘ Iransiiiilled troni oiu* 
genoratioii to another hv heredit>, and which, on that acc'ount, 

’ I’aliiif'i'm'sis iK>\v hiitli, or ijui/ni (/o/f sis orntm-n (IcM’lop- 

jiient), lionuf its iiiiplmation to tlio plionoiiu’iia wliu'h iiii* iwipitulatoil li\ li(*o>(lit\ I'loiu 
earlier ancestral ioims Conortciicsis loic‘if{nc)r iieh'liKiliU' UeM-lopmcntiAi nos utid m noo. 
bence, those plu'iioim'im ^vhlch cimio later in the stoi\ ot life to distiuh the iiiheiiteil 
structure, by a hcsli adaptation to uiiviruunient — Tuvvs 
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allow us to draw direct inferences as to corresponding structures 
in the development of the species On the other hand, we give the 
name of cenogenetic processes, or embryonic variations, to all those 
phenomena in the foetal development that cannot be traced to 
inheritance from earlier species, but are due to the adaptation of the 
foetus to certain conditions of its embryonic development. These 
cenogenetic phenomena are foreign or later additions ; they allow us 
to draw no direct inference whatever as to corresponding processes 
in our ancestral history, but rather hinder us from doing so. 

This careful discrimination between the primary or palingenetic 
processes and the secondary or cenogenetic is of great importance 
for the purposes of the scientific history of a species, which has to 
draw conclusions from the available facts of embryology, comparative 
anatomy, and iDaleontology, as to the processes in the formation of 
the species in the remote past. It is of the same importance to the 
student of evolution as the careful distinction between genuine and 
spui'ious texts in the works of an ancient writer, or the purging of 
the real text from interpolations and alterations, is for the student of 
philology. It is true that this distinction has not yet been fully 
appreciated by many scientists. For my part, I regard it as the first 
condition for forming any just idea of the evolutionary process, and 
I believe that we must, in accordance with it, divide embryology 
into two sections — palingenesis, or the science of repetitive forms ; 
and cenogenesis, or the science of supervening structures. 

To give at once a few examples from the science of man’s origin 
in illustration of tliis important distinction, I may instance the 
following processes in the embryology of man, and of all the liigher 
Vertebrates, as palimjmctic : the formation of the two primary 
germ-layers and of the primitive gut, tlie unsegmented structure 
of the dorsal nerve-tube, tlie appearance of a simple axial rod 
(chorda) between the medullary tube and the gut, the temporary 
formation of the gill-clefts and arclies, the primitive kidneys, and so 
on. All these, and many other important structures, have clearly 
been transmitted by a steady heredity from the early ancestors of the 
mammal, and are, therefore, direct indications of the jiresence of 
similar structures in the Instory of the stem. On tlie other hand, 
this is certainly not the case with the following embryonic changes, 
wliich wo must describe as cenogenetic iirocesses : tlie formation of 
the yolk-sac, the allantois, the placenta, the amnion, the serolemma, 
and the chorion — or, generally speaking, the various fojtal membranes 
and the corresponiling changes in the blood vessels. Further 
instances are : the dual structure of the heart tube, the temporary 
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sepai’ation of the provertebral plates and lateral plates, the secondary 
closing of the ventral and intestinal walls, the formation of the navel, 
and so on. AH these and many other ])henomena are certainly not 
traceable to similar structures in any earlier and completely-developed 
ancestral form, but have arisen simply by adaptation to the peculiar 
conditions of embryonic life (within the festal mombraiies). In view 
of these facts, we may now give the following more jn'oeise expression 
to our chief law of biogeny: — The evolution of the (mtiis (or onio- 
genesis) is a condensed and abbreviated recapitulation of the 
evolution of the stem (or -phylogenesis) ; and tins recapitulation is 
the more comjilete in proportion as the original development (or 
-palingenesis) is preserved by a constant lieredity ; on the otiier hand, 
it becomes less complete in ijroportion as a varying adaptation to 
new conditions increases the disturbing factors m the develoinnent 
(or ceiiogenesis) . 

The cenogenetic alterations or distortions of the original ])alin- 
genetic course of development take tlie form, as a rule, of a gradual 
displacement of the phenomena, whicli is slowly ('ffected 1)> adapta- 
tion to the changetl conditions of embr>unic existence during the 
course of thousands of years. This displacement max taki' place as 
regards either the locality or the time of a phenomenon 'J’he first 
is called heterotopism, the second heterochronism. 

Heterotopisms, or variations in loeahtx , alTeel, in th(‘ first plaei*, 
the cells, or elomentar\ parts of which tiu' organs ai'e compcsi'd , hut 
they also affect the organs tliemselvi's Thus, for inslaiua*, th<‘ s«'\- 
glands in the human emhrxo, and most of the higliei animals, arisi' 
out of the middle g(M’m-la>er t)n the ollu'r liand, tlu' i-om- 
parativo emhrvolng^ of the lowin’ animals siiows iis that (trigmalK 
they did not arisi' from this, hut from oiu* ol tin' |iimiar\ i^crin* 
layers, Jlowevei, the germ-cells ha\t‘ giadualK changed llunr 
position, and jiasscsl o\(>r at so (‘arl\ a pin-ioil iroin ihcir oiagmal 
situation into tlie middle laxiT that tluw now seem realh to arisi' 
from it, .\ similar lietei()to])ism is ohsinaiMl in tlu' cast' ol tlu' 
primitive renal (kidnex) duets of the liigiu'i X’crtcinatcs, xxliich 
originally took their lise m tlie external skm I’ht'ii in the ease of 
the oiigin of the nH'sodenn (middh'-lax er) itscll, lictcrotopisin, in 
connection xvitli a remoxal of emhrxonie cells trom oiii' skin laxt'r to 
anotlier, ])laxs an imiuntant pait. 

lleterochionism, or variation in time, IS not It'ss inst i net ixt‘. It 
consists in the lact that the series of forms in xxliich the organs 
successively appear is different in einhrxolog^ from what tia' stt'in- 
history leads us to expect. Just as the spatial disi)ositioii is falsi tied 
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in heterotopism, so we find the time-arrangement altered in hetero- 
chronism. This may appear either as an acceleration or a delay in 
the rise of an organ. As cases of ontogenetic acceleration we may 
instance, in the embryonic development of man, the early appearance 
of the heart, the gill-clefts, the brain, the eyes, etc. These organs 
clearly arise much earlier, in comparison with others, than was 
originally the case with our ancestors. We find the reverse of this 
in the retarded formation of the gut, the ventral cavity, and the 
sexual organs. These are clear instances of ontogenetic retardation. 

The great imporiance and strict regularity of these time 
variations in embryology' have been carefully studied by Ernest 
Mehnert, in his Btomechamh (Jena, 1898). He formulates his 
“ chief law of organogenesis ” m the following w'ords : “ The rapidity 
of the embryonic development of an organ is in proportion to its 
stage of evolution, which has been retarded for a time. It rises with 
the increase and falls with the diminution of the stage of evolution 
once attained.” Mehnert contends that our biogenetic law has not 
been impaired by the attacks of its opponents, and goes on to say : 
“ Scarcely any piece of kno\\ ledge has contributed so much to the 
advance of embryology as this ; its formulation is one of the most 
signal services to general biology. It was not until this law passed 
into the flesh and blood of investigators, and they had accustomed 
themselves to see a reminiscence of ancestral history in embryonic 
stmctures, that we witnessed the great progress which embiyological 
research has made m the last two decades ” Tlie best proof of tlie 
correctness of tliis opinion is that now the most finitful work is done 
in all branches of embryology with tlie aid of this biogenetic law, and 
that it enaliles students to attain every year thousands of brilliant 
results that they would novor have reached without it. 

it IS only when one aj)])reciatcs the cenogenetic processes in 
relation to the iialingenetic, and when one takes careful account of 
the cluinges which the latter may suffer from the former, that the 
radical importance of the biogenetic law is recognised, and it is felt 
to be the most illuminating princijilo in the science of evolution. In 
this task of discimiination it is the silver thread in relation to which 
we can arrange all the phenomena of this realm of marvels — the 
“Ariadne thread,” which alone enables us to And our way through 
tins lahyrintli of fonns. lienee the bi others Sarasin, the zoologists, 
could say witii juM-fect justice, in their study of the evolution of the 
Ichtlin()j)/iis, that “ the great biogenetic law is just as important for 
the zoologist in tracing long-extinct processes as spectrum analysis 
is for the astronomer.” 
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Even at an earlier period, when a correct acciuaintance with the 
evolution of the human and animal frame was only just being 
obtained — and that is scarcely eighty years ago ! — the gi-eatest 
astonishment was felt at the remarkable similarity observed between 
the embryonic forms, or stages of foetal development, in very different 
animals ; attention was called even then to their close resemblance 
to certain fully-developed animal forms belonging to some of the 
lower groups. The older scientists (Oken, Treviranus, and others) 
rightly recognised that these lower forms in a sense illustrated and 
fixed, in the hierarchy of the animal world, a temporary stage in the 
evolution of higher forms. The famous anatomist Meckel spoke in 
1821 of a “ similarity between the development of tlie embryo and 
the series of animals.” Baer raised the question in 1828 liow^ far, 
within the vertebrate type, tlie embryonic forms of the higlier 
animals assume the ijermanent shapes of members of the lower 
groups. But it w'as impossilfie fully to understand and appreciate 
this remarkable resemblance at that time. We owe our capacity to 
do this to tlie tlieory of descent; it is tliis that puts m their true 
liglit the action of heredity on tlie one hand and ddaytatton on the 
other. It explains to us the vital importance of their constant 
reciprocal action in the production of organic forms Darwin was 
the first to teach us the great jiart that was pla>ed in this by the 
ceaseless struggle for existence between living tilings, and to show 
how, under the infiuence of this (1)\ natuial selection), new species 
were jiroduceil and maintained soleU by the interaction of her(‘ditv 
and adaptation. It was thus Darwinism that first ojuMU'd our e>es 
to a true coniprehension of the supremeh important relations 
hetw'oen the tw'o jiarts of the science of organic e\otiitioii -Ontogenv 
aiul Ph>logen> . 

Hercditv and adaptation are, in fact, the two constructuo 
physiological functions of li\ mg things ; unless we uinli'rslaiul these 
properly w'o can make no heaiKva> in the study of evolution Hence, 
until the time of Darwin no one had a cleai iilea ol the ri'ul natuie 
and causes of eml)r\omc dexeloiiment It was mipossihh' to explain 
tlio curious series of foims tlirough which tiu' lunnan ('inl>r\o i)!isst‘il , 
it was (piite unmtelligihlo wh> this strangt' suc.ct'ssion of animal-like 
foiins aiipearcd in the series at all. It had iiresumsK Ixam gc'iu'rally 
assumed that tlie man was found complete in all liis parts in the 
ovum, and that the development consisted only in an unfolding of 
the various parts, a simple jirocess of growth. This is hv no means 
the case On the contrary, the w'holo process of the ckwelopnumt of 
the individual presents to the observer a connected succession of 
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various animal-forms ; and these forms display a great variety of 
external and internal structm*e. But loluj each individual human 
being should pass through this series of forms in the comrse of his 
embryonic development it was quite impossible to say until Lamarck 
and Darwin established the theory of descent. Through this theory 
we have at last detected the real causes, the causa efficientes, of the 
individual development; we have learned that these 'mechanical 
causes suffice of themselves to effect the formation of the organism, 
and that there is no need of the fhml causes which were formerly 
assumed. It is true that in the academic philosophies of our time 
these final causes still figure very prominently ; in the new philosophy 
of nature we can entirely replace them by efficient causes. 

Before I pass from the subject I must speak further of this, one 
of the most brilliant achievements of the human mind in modem 
times. The history of philosophy shows us that final causes are 
still generally regarded in philosophic circles, just as among the 
philosophers of antiquity, as the real sources of the phenomena of 
organic life, and especially of human life. This dominant teleology, 
which is largely based on Kant, assumes that the processes of organic 
life, especially those of development, can only be explained by final 
causes, and are not susceptible of a mechanical — that is to say, a 
really scientific — explanation. But the darkest enigmas which had 
liitherto beset us in this connection, and which seemed to be only 
approachable through teleology, have been fully solved in a mechanical 
sense by the theory of descent. The reconstruction of the science 
of human evolution which this brought about removed the greatest 
impediments from tlie path of research. We shall see, in the course 
of our iiKiuiry, liow tlie most wonderful and hitherto insoluble 
enigmas in the human and animal frame have proved amenable to a 
mechanical explanation, by causes acting without prevision, through 
Darwin’s reform of the science of evolution. We have everywhere 
lieen able to substitute unconscious causes, acting from necessity, 
for conscious, ])ur])Osive causes.^ 

If the new science of evolution had done no more than this, 
every tliouglitful man would have to admit that it had accomplished 
an iinniense advance in knowledge. It means that in the whole of 
philosophy that tendency wliich we call monistic, in opposition to 


• Tlio 1 istic 01 mt'fliaiuual pliiloHophv of nature IioUIh that only uncouscifmH, 
neccsKarv, euMit caiisiN aio at work m the whole fteUl of nature, in oiganic life as well 
as 111 inoi«. e eharijies On the tither hancl, tho fhialiHt oi vitalist philosophy of iiatuio 
atlinns tin nuonscions foicosaio only at work in tho inoiiianio woild, and that we ttnd 
conscious, posivc, oi ttnal causes in urt^aniu nature. 
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the dualistic, which has hitherto prevailed, must he accepted/ At 
this point the science of human evolution has a direct and profound 
bearing on the foundations of philosophy. I liave dealt witli this 
relation very fully in my Riddle of the Universe. In the first part I 
show how modem anthropology has, by its astounding discoveries 
dui-ing the second half of the nineteentii century, compelled us to 
take a completely monistic vie\v of life. Our hodily structui*e and 
its life, oui* embryonic development and our evolution as a siiecies, 
teach us that the same laws of nature rule in the life of man as in 
the rest of the universe. For this reason, if for no others, it is 
desirable, nay, indispensable, that every man who wishes to form a 
serious and philosophic view of life, and, above all, tlie export philo- 
sopher, should acquaint himself with the chief facts of this liranch 
of science. 

The facts of embryology have so great and obvious a significance 
in this connection that even in recent years dualist ami teleological 
pliilo SOI) hers have tried to rid tlieinselves of them l)\ sinii)ly denying 
them. This was done, for instance, as reganls the fact, tliat man is 
developed from an egg, and that this egg or ovum is a siin])le cell, as 
in the case of other animals. When I had explained tins pregnant 
fact and its sigmticanee in in> Xtiltiral lli.^iorn of ('ivtiluui, it was 
described in many of tlie theological journals as adishonesl invention 
of my own. The fact tliat the embijos of man and the dog art', at 
a certain stage of their de\eIopinent, almost indislmgiiisliablt', w’as 
also denied When we cxainmo the human embrso in tlu'thirtl or 
fourth week of its tlevelopinent, we find it to he (luiti' difft'rt'nt in 
sliape and sti'uciure from the full-grc»wn liuman la'ing, hut almost 
identical with that of the aiie, the dog, the rahint, and otlu'r 
niamimils, at tht' same stage of ontogt'iu. Wt* find a hean-sliapt'il 
body of \Gry simple constructit)n, with a lad ht'hiw and a pair ol fins 
at the sides, something like those of a lisli, hut \er\ tlit'iereiit fiom 
the limbs of man and tlu^ mammals, Nearh tla* wlaih' tront half 
of the body is taken up h> a shai)eless lu‘a<l without laci', at tlu* 
sides of which W'o find gill-clefts and arclu's as m the tish (si'e the 
thirteenth plate at the end of Chaptei XI VJ \t tliis stage of its 
develo])mcnt the himian einhr>o does not differ lu an\ essential 
detail from that of the ape, dog, horse, o\, etc, at a corresponding 

1 Mojiisui IS lU'iUuT Iimvlv luiitfiialistic ii<»r piirfh siiintmilistu-, hut a tuciua-Uiatioii 
of these two 1)1 mciales, smeo it lej'ai’ds the whole of imtuie as out*, and -.ees dtih eiheieiit 
cauRos at work in it Dnalisui, on the oontiaiw , lioldh that uuture aiul spli it, iiiattcj and 
force, tbo world and God, uior«aiuc and orHaiuc nature, are seiiariito mal indciaauli'iit 
ejustences. Ct. 27/e Jii<hUe of the CitiverM', chap. .\ii. 
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period. This important fact can easily be verified at any moment 
by a comparison of the embryos of man, the dog, rabbit, etc. 
Nevertheless, the theologians and dualist philosophers pronounced it 
to be a materialistic invention ; even scientists, to whom the facts 
should be known, have sought to deny them. 

There could not be a clearer proof of the profound importance of 
these embryological facts in favour of the monistic philosophy than 
is afforded by these efforts of its opponents to get rid of them by 
silence or denial. The truth is that these facts are most inconvenient 
for them, and are quite irreconcilable with their views. We must be 
all the more pressing on om* side to put them in their proper light. 
I fully agree with Huxley when he says, in his Man's Place in 
Nature : “ Though these facts are ignored by several well-known 
popular leaders, they are easy to prove, and are accepted by all 
scientific men ; on the other hand, their importance is so great that 
those who have once mastered them will, in my opinion, find few 
other biological discoveries to astonish them.” 

We shall make it our chief task to study the evolution of man’s 
bodily frame and its various organs in their external form and internal 
structures. But I may observe at once that this is accompanied 
step by step with a study of the evolution of their functions. These 
two branches of inquiry are inseparably united in the whole of 
anthropology, just as in zoology (of wliich the former is only a section) 
or general biology. Everywhere the peculiar form of the organism 
and its structures, internal and external, is directly related to the 
special physiological functions which the organism or organ has to 
executo This intimate connection of structure and function, or of 
the instrument and the work done by it, is seen in the science of 
evolution and all its parts. Hence the story of the evolution of 
structures, whicli is our immediate concern, is also the history of 
the development of functions , and tliis holds good of the human 
organism as of any other. 

At tlie same tune, 1 must admit that our knowledge of the 
evolution of functions is very far from being as complete as our 
aciiuaintanco witli the evolution of structures. Ono might say, in 
fact, that the whole science of evolution, or hiogeny (both m ontogeny 
and i)hy]ogeny), lias almost confined itself to the study of structures ; 
the liiogeny of fund ions hardly exists even in name. Tliat is the 
fault of the jiiiysiologists, who have as yet concerned tliemselves 
very little about evolution. It is only m recent times that physio- 
logists like W Engelinann, W. Preyer, M. Verworn, and a few 
others, have attacked tho biogeny of functions. 
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For a long time now the two great branches of biological research, 
morphology and physiology, have pursued separate ways. That is 
quite natural. The aims and methods of the two ai'e very ditterent. 
Morphology (anatomy), or the science of forms, seeks a scientific 
knowledge of organic structure, internal and external. On the other 
hand, physiology, or the science of functions, studies the vital 
phenomena. The two together make up biolog>^ But the develop- 
ment of physiology duiing the last fifty years has been mucli more 
one-sided than that of morphology. It has not only failed to make 
much use of the comparative method, whicli lias given such great 
results in morphology, but it has also neglected evolutionary 
principles. Hence in the last few decades mori)hology has far outrun 
physiology, though the latter is apt to i)ut on superior airs in regard 
to its rival. Morpholog>^ has achieved its finest results in the way 
of comparative anatomy and ontogeny, and nearly all that I shall 
put before the reader in this work as to the evolution (fi* man has 
been obtained by the labours, not of the physiologist, hut of the 
morphologist. In fact, the ono-sidedness of modern i)li>siolog> is so 
great that it has hitherto neglected the study of the most important 
evolutionaiy ///7Zc^/o7Z.v, heredity and ada])tation, and abandoned even 
these purely physiological subjects to tlio morphologist. AVe owe 
nearly all that we know about them to the mor])hologist, not to the 
physiologist. The latter concerns himself little more \Mth tlu' 
functions (or agencies) of evolution Ilian with the oNolution of 
functions 

It will ho the task of some future ph\ siologist to migiigi* in tlu' 
stiul> of th(' evolution of functions with the same xeal and success ns 
has been done for the evolution of stiuctiuvs in inorphogetu (tlu‘ 
genesis of forms), [jet nu' illustrate tlie close eoinu'ction ol llu* two 
by a couple of e\:iniples Tlie heait in tlu‘ human cinhixo luis nt. 
first a very sinpile constructi»)n, such as we find m ptniiiiinenl form 
among tlie Ascidia' and oth(*r low organisms, with tins is associated 
a very sinijjle s\steni of circulation of the blood Now, when we 
find that with the full-grown lieart tlune comes a t«)tall\ dit'h'i’i'nt 
and much more intricate circulation, oiii in<imr\ into tlu' dcwidop- 
ment of tlie heart liecoines at once, not onh a moi pliological, l)ut 
also a i>h>si(dogical, study. Thus it is ch'ar that. llu‘ ontogmu of 
the lieart can only he understood in the liglit of its phslogcnv (or 
development in the jiast), both as regarils fiinctii)n and structure 
The same holds true of all the other organs and tlu'ir functions 
For instance, the science of the evolution of tlie aliiiH'iitaiw canal, 
the lungs, or tlio sexual organs, gives us at the same time, through 



FUNDAMENTAL LAW OF OEGANIC EVOLUTION 15 


the exact comparative investigation of structure-development, most 
important information with regard to the evolution of the functions 
of these organs. 

This significant connection is very clearly seen in the evolution 
of the nervous system. This system is in the economy of the 
human body the medium of sensation, will, and oven thought, the 
highest of the psychic functions ; in a word, of all the various 
functions which constitute the proper object of psychology. Modem 
anatomy and physiology have proved that these psychic functions 
are immediately dependent on the fine structure and the composition 
of the central nervous system, or the internal textm*e of the brain 
and spinal cord. In these we find the elaborate cell-machinery, of 
which the psychic or soul-life is the physiological function. It is so 
intricate that most men still look upon the mind as something super- 
natural that cannot be explained on mechanical principles. 

But embryological research into the gradual appearance and the 
formation of this important system of organs yields the most 
astounding and significant results. The first rudiment of a central 
nervous system in the human embryo presents the same very simple 
type as in the other vertebrates. A spinal tube is formed in the 
external skin of the back, and from this first comes a simple spinal 
cord without brain, such as we find to be the permanent psychic 
organ in the lowest type of vertebrate, the Ampbioxus. Not until a 
later stage is a brain formed at the anterior end of this cord, and 
tlien it is a brain of the most rudimentary kind, such as we find 
permanently among the lower fishes This simple brain develops 
step by step, successively assuming forms wdiich correspond to those 
of tbs' amphibia, the reptiles, tlie duck-bills, and the lemurs. Only 
in the last stage does it reach the highly organised form which 
distinguislies the ajics from tlie other Vertebrates, and which attains 
its full development in man. 

Comparative physiology discovers a precisely similar growth. 
The function of tlie brain, tlie psychic activity, rises step by step 
with the advancing dovelojiment of its structure. 

Thus we are enabled, by tliis story of the evolution of the 
nervous system, to undorstand at length the natmal de.relojwient of 
the human mind and its gradual unfolding It is only with the aid 
of embryology that wo can grasp how these highest and most 
striking faculties of the animal organism liave been historically 
evolved. In other words, a knowledge of the evolution of the spinal 
cord and brain in the human embryo leads us directly to a compre- 
hension of the lustoiic development (or phylogeny) of the liuiiian 
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mind, that highest of all faculties, which we regard as sometliing so 
marvellous and supernatural in the adult man. This is certainly 
one of the greatest and most pregnant results of evolutionaiy science. 
Happily, our embiyological knowledge of man’s central nei’vous 
system is now so adequate, and agrees so thorouglily with tho com- 
plementary results of comparative anatomy and idiysiology, tliat wo 
are thus enabled to obtain a clear insight into one of tlie liighest 
problems of philosophy, the phylogeny of the soul, or the ancestral 
history of the mind of man. Our chief support in this comes from 
the embryological study of it, or the ontogeny of tlie soul. This 
important section of psychology owes its origin es])ecially to W. 
Preyer, in his interesting works, The Mnul of the Child (English 
translation) and Spczielle riinsiolofiie den Kmhruo. The Ilioi/nijdui 
of a Baby (1900), of Milicent Wasliburn Bhmn, also deserves 
mention. [See also Preyer’s ]\Ieui(d Development in the Child 
(translation), and Sully’s Studies of Childhood and Children's Tl’i/z/.v.] 
In this way we follow the only ])ath along wliich we niay h()[)e 
to reach the solution of tliis diflicidt problem. 

Thirty-six years have now elapsed since 1 established ])h\logeny 
as an independent science and showed its intinuih' causal c<»nn(vtion 
with ontogeny in my (reneielle Morjdioloifie , tliirt> \('ars have 
passed since I gave in m> Clastriea theory tlie jiroof of Ihi' just ice of 
this, and completed it with the Iheoiw ol g('i’ni-la>ers WIumi we 
look hack on this period we may ask, What lias h('<‘n acc<tinplish<'d 
during it by the fundamental law of hiogiMiW’ H m’e impartial, 
we must reply that it has pinned its f('rtilit\ in hiindieds of sound 
results, and that by its aid we ha\i' aetpiire<l a \ast fund of know- 
ledge W’hich we sliould ne\<‘r lia\e obtained willuuit it 

There has been no dearth ol attacks orien \uilenl iiltiicks on 
my concoiition of an intimate ca.usal connection helweeii onlogiuiesis 
and phylogenesis, hut no oUum satishictory explanation ol these 
important jihenoiiu'na lias >i>l Ix'tm otleu'd to us. I sa\ this 
csjieciallv wdth regard to Wilhelm IIis's theoi\ of a “ iiicchatiical 
embryology,” which (jiu'stions the \alidit\ (tf plnli'gi'in geiuaalK, 
and would explain tlu' coinplicatisl einhiwonic pioci'sses, witlioul 
going l)e>ond, li> simple plnsical cliangi's - such as the Ixaiding and 
foiling of plates h> idasticitN, Iheoiigm of ca\ities thioiigh uiusiual 
sti’ain of the tissues, th<‘ formation of pi'occ'sses h_\ une\('u growth, 
and so on. But tho fact is tliat tliese iMnhr\ ological plienonu'na 
themselves ilemand explanation in turn, and this can oiiK lx* found, 
as a rule, in the corresponding changes m tho long ancestial series, 
or in the physiological functions of heredity and adaptation 
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Heinrich Schmidt (of Jena) has given a good account and 
criticism of the many attacks on the biogenetic law in his interesting 
pamphlet, EaeckeVs bzogenetisches Gnindgesetz mid sehie Qegner 
(Odenkirchen, 1902). He shows that not only distinguished zoolo- 
gists, but botanists also, have recognised it, and made profitable use 
of it ; it holds good of the evolution of plants no less than of animals. 
On the other hand, none of its critics has offered anything better to 
replace it. Many of the criticisms, in fact, arise from pure mis- 
understanding, as is quite to be expected in so difficult and compli- 
cated a subject, or from a wrong idea of the relation of ceiiogenesis 
and palingenesis. But, in spite of all this, our knowledge of the 
mutual relations of these two series of phenomena grows every day, 
and our conviction increases that “ Phylogenesis is the mechanical 
cause of ontogenesis.” 



CHAPTER II. 


THE OLDER EMBRYOLOGY 

Aristotle’s Generation of Animals, His acqimintawce with the embryology of 
lower animals. Arrest of soientific research during the Middle Ages. The 
nso of embryology at the bcghining of the seventeenth eentury Fahncuis 
ab Aquapondento. Haiwey. Marcello hlalpighi. The signiticiinee of the 
hatched egg. The theory of Pro-formation and Scatulation (Evolution and 
Pro'dolmeation). The unfolding of parts already formed. The theory of 
Scatulation for male and female. Either the spenn.itoisoon or the egg is the 
pre-formed individual. Ammalculists or Spermatists (1 joeuwenhoek, Hart- 
Boekor, Spallanzani) Ovulists (Haller, Ijoibnitz, Bonnet). e.ileuliition of 
the germs stored in Eve’s ovaiy. PiscoverN of parthi'iiogmiesis by Uonnet. 
Victor}’ of the Pre-fonnatiou theory owing to the authorit\ of IliilliT and 
Leibnitz Caspar Friedrich Wolll His life and works I’he tJu'ona 
r/i‘)icrationis. New formation, or epigenesis The evolution ot tin* aliineiitarv 
canal First beginnings of the theoiw of geim-kners. The inet.inioi’iihosis 
of plants. Germs of the cell theor\ . W'oliT’s inoiiistie philosoph} . 

It is in many wavs nse.l’ul, on entoving upon tJio stiulv of any 
science, to cast a glanco at its liistorical dovt'lojniK'nt Tlit‘ sating 
that “everything is host iinilorstooil in its grostth” has a distinct 
application to science'. While wo l‘(»lli)\\ its gradual de\ i‘li»imu'nli we 
get a clearer insight into its aims and olijects Mori'iivi'r, we shall 
seo that tho present condition of tlu' science of luiiiian iwolutioii, 
with all its characteristics, can oiiK he iighth understoixl when wo 
exaiiiino its historical growth This task will, howetor, not, detain 
us long. Tho stiidv of man’s evolution is oin* of the latest hraiielu's 
of natural science, whether \ou consider tin' laiihi \ ological or tho 
phylogenetic section of it 

Apart from tlio lew germs of our scit'iiee which we tind in 
classical antiquitv, and which we shall notici' )»ri'sent 1\ , wt‘ inav sa> 
that it takes its definite lise, as a science, in the sear I Toll, wluMi 
one of tho greatest CJeiman scuentists, Caspar I'’ii('diich WollV, 
published ids Thoonn (iciirnthouis Tliat was the foundat lon-stniu' 
of the science of animal einhryology. It was not until tills \i*ars 
later, in 1H09, that Jean Lamarck puhlislied his 
Zuolu(]iqti (‘ — tho first effort to provide a liaso for thi' tlu'or.s of 
evolution; aiul it was another half-contur> before Darwin’s work 
appeared (in 1859), which we may regard as tho first scientifio 

l.s 
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attainment of this aim. But before we go further into this solid 
establishment of evolution, wo must cast a brief glance at that 
famous philosopher and scientist of antiquity, who stood alone in 
this, as in many other branches of science, for more than 2,000 
years ; the “ father of natural history,” Aristotle. 

The extant scientific works of Aristotle deal with many different 
sides of biological research. The most comprehensive of them is his 
famous History of Amnials, but not less interesting is the smaller 
work. On the Generation of Animals {Peri zoon genoseos). This work 
treats especially of embryonic development, and it is of great interest 
as being the earliest of its kind and the only one that has come down 
to us in any completeness from classical antiquity. Like Aristotle’s 
other scientific writings, this substantial little work has dominated 
the whole of science for 2,000 years. The philosopher was as keen 
in observation as he was profound in thought. Nevertheless, while 
his philosophic distinction has never been questioned, it is only in 
recent years that his worth as an observer has been properly 
appreciated. The men of science who tmned to his scientific 
writings about the middle of the nineteenth centmy were astonished 
at the amount of information and the notable discoveries that they 
found. 

In connection with embryological questions, we must particularly 
note that Aristotle studied them in various classes of animals, and 
that among the lower groups he learned many most remarkable facts 
which we only re-discovered between 1830 and 1860. It is certain, 
for instance, that ho was acquainted with tire very peculiar mode of 
propagation of the cuttle-fishes, or Cephalopods, in which a yolk-sac 
hangs out of the moutli of the foetus. He knew, also, that embryos 
come from the eggs of the bee even when they have not been 
fertilised. This “ parthenogenesis ” (or virgin-birth) of the bees has 
only been established in our time by the distinguished zoologist of 
Municli, Siebold. He discovered that male bees come from the 
unfertilised, anti female bees only from the fertilised, eggs. Aristotle 
further states that some kinds of fislies (of tlie genus Serrimus) are 
liermaphrodites, each individual having both male and female organs 
and being able to fertilise itself, this, also, has lioen recently 
confirmed. He knew that the embryo of many fishes of the shark 
family is attached to tiie mother’s body by a sort of placenta, or 
nutritive organ very rich in blood ; apart from these, such an 
arrangement is found only among the higher mammals and man 
This placenta of the shark was looked upon as legendary for a long 
time, until Johannes Muller proved it to be a fact m 1839 Tims a 
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number of remarkable discoveries were found in Aristotle’s emliryo- 
logical work, proving a very good acquaintance of tlie great scientist 
— possibly helped by his predecessors — with the facts of ontogeny, 
and a great advance upon succeeding generations in this respect. 

In the case of most of these discoveries he did not merely 
describe the fact, but added a number of observations on its signifi- 
cance. Some of these theoretical remarks are of particular interest, 
because they show a con*ect appreciation of the nature of the 
embryonic processes. He conceives the development of the indi- 
vidual as a new formation, in the course of whicli the various parts 
of the body take shape successively. When the human or animal 
frame is developed in the mother’s body, or separately in an egg, the 
heart — which he regards as the starting-point and centre of the 
organism — must appear first. Once the heart is formed the otlier 
organs arise, tlie internal ones before the external, the upper (those 
above the diaphragm) before the lower (or those beneath tlie 
diaphragm). The brain is formed at an early stage, and the eyes 
gi’ow out of it. These observations are quite correct. And, if we try 
to form some idea from these data of Aristotle’s general conception 
of the embryonic process, we find a dim prevision of the theory 
which we now call epigenesis, and which Wolff showed 2,000 years 
afterwards to lie the correct view'. It is significant, for instance, 
that Aristotle denied the eternity of the individual in any respect. 
He said tliat the species or genus, tlie group of similar individuals, 
might 1)0 ctenial, but the individual itself is temporary. It comes 
into being m the act of procreation, and passes away at death. 

During tlie 2,000 years after Aristotle no progi’ess whatever was 
made in general zoology, or in einhr>olog\ in ])articiilar. IVo])l{' 
w'ere content to read, copy, translate, and comment on .\ristoth‘ 
Scarcely a single independent effort at research was made m Hit' 
whole of the period. During the llliddle Ages the spread of strong 
religious beliefs put formidahle obstacles in the wa\ of indepimdent 
scientific investigation. There was no (piestion of resuming the 
advance of biology Even when human anatom\ lu'gan to stn 
itself once more in the sixteenth centur\ , and imh'pemh'iit lesearch 
was resumed into the structure of tiu* developeil l)od>, anatomists 
did not dare to extend their imiiiiries to tlio unlbrnieil l) 0 (l>, the 
eml)r>o, anil its duvelojmient There were man> reasons for the 
prevailing horror of such studies. It is natural enough, when we 
remember that a Bull of Boniface Vlll. oxconnnunicated everj, man 
who ventured to dissect a human corjise. If the dissection of a 
developed body w'ere a crime to be thus punished, how iniicli more 
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dreadful must it have seemed to deal with the embryonic body still 
enclosed in the womb, which the Creator himself had decently veiled 
from the curiosity of the scientist! The Christian Church, then 
putting many thousands to death for unbehef, had a shrewd 
presentiment of the menace that science contained against its 
authority. It was powerful enough to see that its rival did not 
grow too quickly. 

It was not until the Eeformation broke the power of the Church, 
and a refreshing breath of the spirit dissolved the icy chains that 
bound science, tliat anatomy and embryology, and all the other 
branches of research, could begin to advance once more. However, 
embryology lagged far behind anatomy. The first works on 
embryolc^ appear at the beginning of the sixteenth century. The 
Italian anatomist, Eabricius ab Aquapendente, a professor at Padua, 
opened the advance. In his two books {De fonnato fcetu, 1600, and 
De forimtione fontus, 1604) he published the older illustrations and 
descriptions of the embiyos of man and other mammals, and of the 
hen. Similar imperfect illustrations were given by Spigelius (Da 
fonmto fmtu, 1631), and by Needham (1667) and his more famous 
compatriot, Haiwey (1652), who discovered the circulation of the 
blood in the animal body and formulated the important principle, 
Omne vivum ex vivo (all life comes from pre-existing life). The 
Dutch scientist, Swammerdam, published in his Bible of Nature the 
earliest observations on the embryology of the frog and the division 
of its egg-yolk. But the most important embryological studies m 
the sixteenth century were those of the famous Italian, Marcello 
Malpighi, of Bologna, who led the way both in zoology and botany. 
His treatises, De format lone. piilli and De ovo lucuhato (1687), 
contain tlio first consistent tloacription of tlio development of the 
chick in the fertilised egg. 

Hei’e I ought to say a word about tho important part played by 
the chick m tlie growtli of our science The develoinnont of the 
chick, like tliat of the young of all other birds, agrees in all its main 
features with tliat of tho other chief Vertebrates, and even of man. 
Tlie throe higliost classes of Vertebrates — mammals, birds, and reptiles 
(lizards, serjients, tortoises, etc ) — have from tlie beginning of their 
embryonic development so striking a resomblanco in all the chief 
points of structure, and especially m their first iorms, that for a long 
time it is impossible to distinguish between them (see Plates viii.-xiii.). 
We have known now foi- some time that we need only examine the 
embryo of a bird, wliicii is the easiest to get at, in order to learn the 
typical mode of dovclopmont of a mauunal (and tlierefore of man)- 
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As soon as scientists began to study the human embiyo, or the 
mammal-embryo generally, in its earlier stages about the middle and 
end of the seventeenth century, this important fact was very quickly 
discovered It is both theoretically and practically of great value. 
As regards the theoru of evolution, we can draw the most weighty 
inferences from this similarity between tlio embryos of widely 
different classes of animals. But for the practical purposes of 
embryological research the discoveiy is invaluable, l)ecause we can 
fill up the gaps in our imperfect knowledge of the embryology of 
the mammals from the more thoroughly studied embryology of the 
bird. Hens’ eggs are easily to be had in any quantity, and the 
development of the chick may be followed step l)y step in artificial 
incubation. Tlie development of the mammal is much more difficult 
to follow, because here the embryo is not detached and enclosed in a 
large egg, but tlie tiny owim remains in the womb until the growth 
is completed. Hence, it is very difficult to kec]) uj) sustained 
observation of the various stages to any great extent, (piite a]iart 
from such extrinsic considerations as tlio cost, the teclinical difficulties, 
and many other obstacles which wo encounter when we would make 
an extensive study of tlic fertilised inaminal The chicken has, 
therefore, ahvays been the cliiof object of stu(l> in tins connection. 
The excellent incubators we now have enable us to ohseiwe it in any 
quantity and at any stage of develoiinient, ami so follow tlie whole 
course of its formation step by step. 

By the end of the seventeenth century kral])ighi had iulvanced 
as far as it was possible to do, with the nniierfect microscope of Ids 
time, in the onihrvological study of the chick h’urther i)rogress was 
arrested until the instiunicnt and the technical methods should he 
improved The vovtohiate einl)r\os are so small and didicale in tlu'ir 
earlier stages tliat you cannot go very far into the stiuK of tlieni 
wdthout a good microscoiie and othei technical aid Hut this 
substantial imin-ovement of tlie imcroseope and the oilier a])paratus 
did not take place until the beginning of the mnet(‘eiith century. 

Embryology made scarcely am advance in the first half ol the 
oightcentli century, when the sNstematic natural histoiw of plants 
and animals received so great an iniiuilse tlirough the publication of 
Limie.’s famous SijHlvina Xniiintc Not until 17o9 did tlu' gmiius 
arise who was to give it an ontireh new cliaracter, Caspar Id-icdrich 
Wolff. Until then emhiyologv had been occupied almost exclusively 
in unfortunate and misleading efforts to build iqi tlu'ories on the 
imperfect empirical material then available. 

The theory wdiich then prevailed, and remained in favour 
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throughout nearly the whole of the eighteenth century, 'was 
commonly called at that time “the evolution theory”; it is better 
to describe it as “ the preformation theory.”^ Its chief point is this : 
There is no new formation of structures in the embryonic develop- 
ment of any organism, animal or plant, or even of man ; there is 
only a growth, or unfolding, of parts which have been constructed 
and ready from all eternity, though on a very smaU scale and closely 
packed together. Hence, every living germ contains all the organs 
and parts of the body, in the form and arrangement they will present 
later, akeady within it, and thus the whole embryological process is 
merely an evolution in the literal sense of the word, or an unfolding^ 
of parts that were pre-formed and folded up in it. So, for instance, 
we have in the hen’s ovum not merely a simple ceU that divides and 
sub-divides and forms germ-layers, and at last, after all kinds of 
variation and cleavage and reconstruction, brings forth the body of 
the chick, but there is in every ovum from the first a complete 
chicken, with all its parts made and neatly packed. These parts 
are so small or so transparent that the microscope cannot detect 
them. In the hatching these parts merely grow larger, and spread 
out in the normal way. 

When this theory is consistently developed it becomes a “ scatu- 
lation theory.”'^ According to its teaching, there was made in the 
beginning one couple or one individual of each species of animal or 
plant ; but this one individual contained the germs of all the other 
individuals of tlie same species who should ever come to life. As 
tlie age of the earth was generally believed at that time to be fixed 
by the Bihlo at 5,000 or (3,000 years, it seemed possible to calculate 
how many individuals of each species liad lived in the period, and 
so had lieen packed inside tlie first being that was created. The 
tlioory was consistently extended to man, and it w^as affirmed that 
our common parent Eve liad had stored m lier ovary the germs of 
all the children of men. 

The theory at first took the form of a belief that it was the 
JevialcH who were thus encased in tlie first being. One couple of 
each siiccios was created, but the female contained in her ovary all 
tlie future individuals of the species, of either sex. However, this 


> Tins tlu'Oiv is UHualh known as the “evolution thcoiT" in Oermanv, in contra- 
distinction to the “ epiMotH'sis theoiv ” Hut as it is the latter that ih called the “evolution 
tlieory" m England, France, and Italv, and “evolution" and “oi)ij?onosi8" ai'c taken to bo 
sj nonvitious, it Heeins lietter to call the first the “ pretormatioii theory ” Kolliker has 
receuth ^iveii the name ot “e\olutu>nism” to his “theory of hetevotfoncoiiw conceiition ” 

‘■i “ Packint^ thoorv” Avonld bo tlio literal translation Hcoiuht is the Latin for a case ov 
box,— T ranb. 
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had to be altered when the Dutch microscopist, Leeuwenhoek, dis- 
covered the male spermatozoa in 1690, and showed that an immense 
number of these extremely fine and mobile thread-like beings exist 
in the male sperm (this will be explained in tlie Seventh Chapter). 
This astonishing discovery was fiu’ther advanced when it was proved 
that these living bodies, swimming about in the seminal fluid, were 
real animalcules, and, in fact, were the pre-formed germs of the 
future generation. When the male and female procreative elements 
came together at conception, these thread-like spermatozoa (“ seed- 
animals”) were supposed to penetrate into the fertile body of the 
ovum and begin to develop there, as the plant seed does in the 
fruitful earth. Hence, every spermatozoon was regarded as a 
homuncuhis, a tiny complete man ; all the parts w’ere believed to be 
pre-formed in it, and merely grew larger when it readied its proper 
medium in the female ovum. This theory, also, was consistently 
developed in the sense that in each of these thread-like botlics the 
wdiole of its posterity was supposed to be present in the minutest 
form. Adam’s sexual glands were thouglit to have contained tlie 
genns of the whole of humanity. 

This “ theory of male scatulation ” found itself at once in keen 
opposition to the prevailing “ female ” theory. All tliat was common 
to them was the erroneous idea that tlicro are in every germ the 
germs of innumerable organisms to come — an idea tliat served as 
the ground of Linn6’s curious “ la-oleiisis theory.” The twt) rival 
theories at once opened a very lively campaign, and the ])h> siologists 
of the eigliteenth century were divided into two great camps — tlie 
Animalculists and the Oviilists — which fought vigorously. The 
struggle rather amuses us to-day when ve know tliat both parties 
were wrong .\s Kirchhoff sa>s m liis admirable biographical sketch 
of Wolff: “This controversy was as difficult to close as that on the 
(luestion ^^h ether the angels live in the eastern or the westi'rn jiart 
of heaven ” 

The animalculists held that the spermatozoa were the triu' 
germs, and ap])ealed to the livelj niovenKmts and the stiueture of 
these bodies. In the case of man and most of the other animals, 
these spermatozoa have a rather oval or iiear-shaped head and a 
thickish stem, ending in an extiemeU fine and hair-hke tail (Kig 20). 
The whole structure is really only one cell — a fiagidlate cidl. The 
head is tlie nucleus enclosed in a little of the cell-matter, and this is 
prolonged in the thick stem and fine, mobile tail , the lattcn- is the 
“whip ” (or flagellum) by which it moves about, and corresiionds to 
the flagellum in a flagellate cell. But the animalculists believed 
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that the “ head ” was a real head, and the rest of it a complete 
body. Leeuwenhoek, Hartsoeker, and Spallanzani were the chief 
champions of these fantastic speculations. 

The opposing party of the Ovulists, who clung to the older 
“evolution theory,” affirmed that the ovum is the real germ, and 
that the spermatozoa merely stimulate it at conception to begin its 
growth; all the future generations are stored in the ovum. This 
view was held by the great majority of the biologists of the eighteenth 
century, in spite of the fact that Wolff proved it in 1759 to be with- 
out foundation. It owed its prestige chiefly to the circumstance 
that the most weighty authorities in the biology and philosophy of 
the day decided in favour of it, especially Haller, Bonnet, and 
Leibnitz. 

Albrecht Haller, professor at Gottingen, who is often called the 
father of physiology, was a man of wide and varied learning, but he 
does not occupy a vei*y high position in regard to insight into 
natural phenomena. He has unconsciously given the best descrip- 
tion of himself in his famous saying; “No created mind can 
penetrate into the heart of Nature ; hai)py the man to whom she 
does but show the outer shell.” Goethe made the best reply to this 
“shell theory” of observation in the noble poem which closes with 
the words; “Nature has neither kernel nor shell; she is all one. 
Try yourself whether you are either kernel or shell.” Yet there has been 
no lack, even of late years, of attempts to defend Haller’s shell theory. 
Wilhelm His, especially, has made a strange effort to justify it. 

Haller made a vigorous defence of the “ evolution theory” in his 
famous work, Elciiwnta j^hyswlofjiae, affirming; “There is no such 
thing as formation {nulla eat epmcnfisin). No part of the animal 
frame is made before another; all were made together,” He thus 
denied that there was any evolution in the proper sense of tlie word, 
and even went so far as to say that the heard existed in the new- 
born child and tlio antlers in tlie hornless fawn , all tlie parts were 
there in advance, and were merely hidden from tlie eye of man for 
tlie time hoing. Haller even calculated the number of liuman beings 
that God must liave created on the sixth day and stored away in 
Eve’s ovary Ho put the number at 200,000 millions, assuming the 
age of the world to he (5,000 years, tlie average age of a human being 
to he thirty yi^ars, and the population of the workl at that time to be 
1,000 millions. And the famous Haller maintained all this nonsense, 
in spite of its ridiculous consequences, even after Wolff had discovered 
the real course of embryonic development and established it by direct 
observation ! 
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Among the philosophers of the time the distinguished Leibnitz 
was the chief defender of the “preformation theory,” and by his 
authority and literaiy prestige won many adherents to it. Supported 
by his system of monads, according to which body and soul are 
united in inseparable association and by thoir union form tlie indi- 
vidual, or the “ monad,” Leibnitz consistently extended the “ scatula- 
tion theory” to the soul, and held that tliis was no more evolved 
than the body. He says, for instance, in his Thvodict'r : “I mean 
that these souls, which one day are to ho the souls of men, are 
present in the seed, like those of other species ; in such wise that 
they existed in our ancestors as far ])ack as Adam, or from tlio 
beginning of the world, in the forms of organised l>odies.” 

The theory seemed to receive con.siilerahle supi)ort from tlie 
observations of one of its most zealous su])i)<)rtt'rs, Bonnet. In 
1746 he discovered, in the plant-louse, a case of piirtlu'iiogem'sis, or 
virgin-birth, an interesting form of reproiluction that has lately been 
found by Siehold and otliors among various classes of the Artlu'ojioils, 
especially Crustacea and insects. Among these nnil other animals of 
certain lower species tiio female mav re])ro(luce for se\eral genera- 
tions without having been fertdised by the male. These ova that do 
not need fertilisation arc called “false o\a,” pseudo\a or s])ores 
Bonnet saw that a female ])lant-louse, vliich lit' had kt'jit in cloistral 
isolation, and rigidly removed from contact with malt's, hail on the 
eleventh day (after ftirmmg a new skin ftirthe lourtli time) a living 
dauglitcr, arul during the next lwi‘nl> thiNs ninelN-four tilht'r 
claughtt'rs , and that all of tlit'in wt'iit t)n to it'produei' in tlii' same 
w’ay witlmiit an> conlaei. wil.h malt's ll st't'iiied as if tliis lurnishetl 
an irrefutahle protif tif the truth of the scatulation tht'ois, as il was 
hold hv the ()\ ulists , it is nt)t surprising to lind tlial llio tht*or\ tlitm 
socurctl general acceptance. 

This was the condition t)f things when suddt'iih, in 1 7o!), C’aspar 
Friedrich WtilfT apiieari'tl, and tlejilt a fattil blow at Iht' wholt' 
preformation theor\ with his nt'w tht'or\ t)l epigt'iit'sis WtillT, the 
son of a Beilm tailtti, was horn in ITd.'h ;ind went through ins 
scientitic ami medical stiitlu's, first at licihn iintler the hunous 
anatomist ^leckel, and afterwards at llalh' Here hi' seeiiri'd liis 
doctorate in his twent> -sixth \eai, and in his aeadi'inic; diss<‘i tat ion 
(November 2Hth, 1751)) (‘xpoimdi'tl lh<‘ lU'W tlu»or\ of a leal dt‘V(‘l(»p- 
meut, the th^oini a l)asis ol t'pigi'iiesis 'Tins tri'alisi' 

is, in spiio of its smallness and its ohscure phraseelogs , one of the 
most valuable in the whole rangi' of liiologieal lileralurt* It is 
equally distinguished for the mass of new anil careful ohservalions it 
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contains^ and the far-reaching and pregnant ideas which the author 
everywhere extracts from his observations and builds into a luminous 
and accurate theory of generation. Nevertheless, it met with no 
success at the time. Although scientific studies were then assi- 
duously cultivated owing to the impulse given by Linn6 — although 
botanists and zoologists were no longer counted by dozens, but by 
hundreds, hardly any notice was taken of Wolff’s theory. Even 
when he established the truth of epigenesis by the most rigorous 
observations, and demolished the airy structure of the preformation 
theory, the “ exact ” scientist Haller proved one of the most 
strenuous supporters of the old theory, and rejected Wolff’s correct 
view with a dictatorial '‘Nulla est epigenesis." He even went on to 
say that religion was menaced by the new theory ! It is not 
surprising that the whole of the physiologists of the second half of 
the eighteenth century submitted to the ruling of this physiological 
pontiff, and attacked the theory of epigenesis as a dangerous 
innovation. It was not until more than fifty years afterwards that 
Wolff’s work was appreciated. Only when Meckel translated into 
German in 1812 another valuable work of Wolff’s on The Fomiation 
of the Alimcntarij Canal (written in 1768), and called attention to 
its great importance, did people begin to think of him once more ; 
yet this obscure writer had evinced a profounder insight into the 
nature of the living organism than any other scientist of the 
eighteenth century. 

Thus, as has so often happened in the histoi*y of thought, the 
newly-discovored truth was crushed by the powerful untruth, 
supported l)y tiro might of authority. The luminous theory of 
ei)igenesis could not penetrate the mists of the preformation theory, 
and its gifted author succumbed to his enemies in the fight for 
trutli. All further advance in embryology was thus prevented for 
the time being. It was the more unfortunate as Wolff was com- 
pelled l:>y the poverty of his circumstances to leave Germany on 
account of tliis opposition. Henceforward without resources, he 
could only conpilete his classical work under the most pressing 
ihfiiciilties, and had then to earn liis living by medical practice. 
During the yeven Years’ War ho worked in the hospitals of 
Schleswig, and gave brilliant lectures on anatomy in the field- 
hosjhtal at Breslau, and so attracted tlie attention of the director- 
general of hosjiitals, Cotlienius. At the conclusion of the war this 
liatron endeavoured to obtain a professorship for Wolff at Berlin 
But he failed, owing to the opposition of tlie narrow-minded 
professors of the Berlin Medico-surgical College, who were ill- 
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disposed to scientific progress. They declared the epigenesis theory 
to be a deadly heresy, just as they condemned the theory of descent 
only a few decades ago. Although Cothenius and other admirers 
struggled bravely for Wolff, they could not even get him permission 
to give public lectures on physiology at Berlin. In the end Wolff 
was compelled to accept an honourable position tiiat was offered to 
him in 1766 by Catharine of Russia. He went to St. Petersburg, 
and continued his researches there for twenty-seven years. 

Wolff’s ideas led to an appreciable advance over the wliole field 
of biology. There is such a vast number of new and important 
observations and pregnant thoughts in his writings that wo have 
only gradually learned to appreciate them riglitly in the course of 
the nineteenth century. He opened up the true path for research in 
many directions. In the fimt place, his theory of epigenesis gave us 
our first real insight into the nature of emlnyonic development. Ho 
showed convincingly that the develojunent of every organism consists 
of a series of new formationH, and that there is no trace whatever of 
the complete form either in tlic ovum or tlie spennato/.oon. On tlic 
contrary, these are quite simple bodies, with a very ditleivnt purport. 
The embiyo which is developed from them is also (luite ilitTerent, in 
its internal arrangement and outer configuration, from tlie complete 
organism. There is no trace wiuitever of preforniiition of organs. 
To-day we can scarcely call epigi'iiesis a thconj, hecaiist' wi‘ are 
convinced it is a fact, and can demonstrate it at any moment with 
the aid of the microscope. 

Wolff furnished tlie conclusive empirical jaoof of his theory in 
his classic dissertation on Tlw Forumhun n/’ (hr AInth'itlitn/ ('tout} 
(1768). In its complete .state the alimiMitarv canal of tlu' lu'n is a 
long and complex tube, with whicli the lungs, sah\iir> glands, 
and many other small glands, are comu'cted Wollf sliowed that m 
tlio early stages of the emliiyomc chick tlicie is no liaee whateviM of 
this com])licatcd tube witli all its deiKMidencies, hut insteail of it oidv 
a fiat, leaf-sliaped hoilv , tliat, in fact, the whole einhivo has at first 
the appearance of a fiat, o\al-shaped leaf Wlu'ii wt' H'lnonihcr how 
difficult tlio exact observation of so fine and delieatt' a strucluri' as 
the early leaf-shaped hotly of the chick must ha\e lu'en with llu‘ 
jioor micro.scoiies then in use, we must admire tlu* rau' lacult> for 
oliHcrvation w’hich enabled WolfV to make tin' most impoitant 
discoveiies in this most difficult part of (Mnhr^olog^ [\\ tins 
lahorions research lie reached the coriect «)pinion that the (‘lahrvonic 
body of all the Ingher animals, such as l)irils, is lor scane lime 
merely a fiat, thin, leaf-shaped disk— consisting at first of one, hut 
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afterwards of several layers. The lowest of these layers is the 
alimentary canal, and Wolff followed its development from its com- 
mencement to its completion. He showed how this leaf-shaped 
structure first turns into a groove, then the margins of this groove 
fold together and form a closed canal, and at length the two external 
openings of the tube (the mouth and anus) appear. 

Moreover, the important fact that the other systems of organs 
are developed in the same way, from tubes formed out of simple 
layers, did not escape Wolff. The nervous system, muscular system, 
and vascular (blood-vessel) system, with all the organs appertaining 
thereto, are, like the alimentary system, developed out of simple 
leaf-shaped structures. Hence, Wolff came to the view by 1768 
which Pander developed in the Theory of Genninal Layers fifty 
years afterwards. The words in which Wolff anticipates the chief 
feature of this are so remarkable that they deserve to be quoted in 
full 

This wonderful analogy between parts that seem to be so widely removed from 
each other in Nature — no product of the imagination, but supported by the most 
confident observations — merits the attention of physiologists in the highest 
degree, for it must be admitted to have a profound significance, and to be 
intimately connected with the generation and the nature of animals. It seems 
as if, at various and successive stages, difierent systems are formed after the 
same type, and these then unite to form the complete animal ; and as if these 
really rosomblo each other in spite of their differences. The first system to be 
produced and take definite shape is the nervous system. When this is done, the 
mass of muscle which constitutes the embryo takes shape after the same fashion. 
To this succeeds a third system, that of the blood-vessels, which is not so unlike 
the first as to prevent us from seeing in it the form which is common to all three. 
After this comes the fourth, the alimentary canal, which again is constructed on 
the same t\pe, and resembles the other three, in being a complete and self- 
contained whole 

In this important discovery Wolff' laid the foundation of the 
tlieory of gerni-lavers, which was not fully developed until much 
later by Pander (1817) and Baer (1828). Wolff’s principles are not 
literally correct , but ho conies as near to the truth in them as was 
possilile at tliat time, and could be expected of liirn. 

Wolff' owes a great deal of his success in forming liis comprehen- 
sive tliGory to the fact that lie was as distinguished in botany as in 
zoology. He studied at the same time the development of plants, 
and was the first to establish in botany the theory which Goethe 
afterwards developed in his famous work on the nietamoiphosis of 
plants. Wolff' liad already shown tliat all the different parts of the 
plant could lie reduced to the leaf as the fundamental type. The 
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flower and the fruit, with all their parts, are merely modified leaves. 
The knowledge of this must have much surprised Wolfl*, as he had 
found a simple leaf-shaped structure to be the first form of the 
embryonic body of the animal as well. 

Thus we find in Wolff the germs of the two theories which other 
and much later scientists were to make the basis of a morphological 
comprehension of the plant and the animal. But our admiration of 
this gifted genius increases when wo find that ho was also the 
precursor of the famous cellular theory. Wolff had, as Huxley 
showed, a clear presentiment of this cardinal theory, since ho 
recognised small microscopic globules as the elementary parts out of 
which the germ -layers arose. 

Finally, I must invite special attention to the nwchiuucal 
character of the profound philosophic inflections which Wolff always 
added to his remarkable observations. He was a great monistic 
philosopher, in the best meaning of the word. It, is unfortunate 
that liis philosophic discoveries were ignored as completely as his 
observations for more than half a contur\. Wo must he all the 
more careful to emphasise the fact of their clear monistic tendency. 
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We may distinguish three chief periods in the growth of our science 
of human embryology. The first lias been considered in the pre- 
ceding chapter ; it embraces the whole of the preparatory period of 
researcli, and extends from Aristotle to Caspar Friedrich Wolff, or to 
the Near 1759, m which the epoch-making Tlieona tjeneratLonis was 
published. The second period, with which we have now to deal, 
lasts aliout a century — that is to say, until the appearance of 
Darwin’s Orujin of Spi^cien, which brought about a change in the 
very foundations of biology, and, in particular, of embryology. The 
third period begins with Darwin. When we say that the second 
period lasted a full centur\, we must remember that Wolff’s work 
had remained almost unnoticed during half the time — namely, until 
the year 1H12. During the whole of these fifty-three years not a 
single book that appeared followed up the path that Wolff had 
opened, or extended his theory of embryonic development. We 
morolv find his views- peifectlv correct views, basotl on extensive 
obsei vations of fact- -mentioned hero and there as erroneous ; their 
opponents, who adlierod to the dominant theory of preformation, did 
not even deign to reply to tliein. This unjust treatment was chiefly 
due to the extraortlmary authority of Albrecht von Haller ; it is one 
31 
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of the most astonishing instances of a great authority, as sucli, pre- 
venting for a long time the recognition of established facts. 

The general ignorance of Wolff’s work was so great that at tlie 
beginning of the nineteenth century two scientists of Jena, Oken 
(1806) and Kieser (1810), began independent research into the 
development of the alimentary canal of the chick, and liit upon the 
right clue to the embryonic puzzle, without knowing a word about 
Wolff’s important treatise on the same subject. They were treading 
in his very footsteps without suspecting it. Tliis can be easily 
proved from the fact that they did not travel as far as Wolff. It 
was not until Meckel translated into German Wolff’s book on the 
alimentary system, and pointed out its great impoi*tance, that the 
eyes of anatomists and physiologists were suddenly opened. At once 
a number of biologists instituted fresli embryological inciuiries, and 
began to confirm Wolff’s theory of epigenesis. 

The resuscitation of embryology* and development of tlie epigenesis- 
theory were chiefly connected with the university of Wiirtzburg. 
One of the professors there , at that time was Dollingcv, an eminent 
biologist, and father of the famous Catholic historian who later dis- 
tinguished himself by Ins opposition to tlie new dogma of papal 
infallibility. Dellinger was both a profound thinker and an accurate 
observer. He took the keenest interest in embryology, and worked 
at it a good deal. However, ho is not himself responsilile for any 
important result in this field In IHIO a young medical doctor, 
whom we may at once designate as WollT’s chii'f succa'ssor, Karl 
Ernst von Baer, came to Wiirtzburg. Jhier’s convei'sations with 
Dollinger on embryology led to a fresh series of most extensive 
investigations. Dollinger had expiessed a vish that some young 
scientist should begin again under liis guidance an mdepemlent 
inquiry into the develoiiment of tlie chick during tlie hatching of the 
egg. .\s neither lie nor Baer had mone\ enough to pay for an 
incubator and the iirojier contiol of the expermu'iits, ami for a com- 
petent artist to illustrate the various stages ohseued, the lead of the 
enterprise was given to Christian Ihindei, a \\ealtli\ Ineml of Ihu'i’s, 
who had been induced h\ Jhier to come to Wuit/.hurg. .\n able 
engraver, Dalton, was engaged to do the copper- plates. 

Thus was formed, in tlie words of Baer, “ an association of 
memorable importance to science, m which a veteran of physiological 
research (Dollinger), an anient scientific neojibyte (Bander), and an 
unrivalled artist (Dalton), joined forces m order to provide a firm 
foundation for the embryology of the animal organism.” Jii a short 
time the embiyology of the chick, in wliicli Baer was taking the 
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greatest indirect interest, was so far advanced that Pander w'as able 
to sketch the main features of it on the ground of Wolff’s theory in 
the dissertation he published in 1817. He clearly enunciated the 
theory of germ-layers which Wolff had anticipated, and established 
the truth of Wolff’s idea of a development of the complicated systems 
of organs out of simple leaf-shaped primitive structures. According 
to Pander, the leaf-shaped object in the hen’s egg divides, before the 
incubation has proceeded twelve hours, into two different layers, an 
external serous layer and an internal mucous layer ; between the two 
there develops later a third layer, the vascular (blood-vessel) layer.^ 
Earl Ernst von Baer, who had set afoot Pander’s investigation, 
and had shown the liveliest interest in it after Pander’s departure 
from Wiirtzburg, began his own much more comprehensive research 
in 1819. He published the mature result nine years afterwards in 
his famous work, Animal Emhryohdn : Observation and Bejiection 
(not translated). This classic work still remains a model of careful 
observation united to profound philosophic speculation. The first 
part appeared in 1828, the second in 1837. The book proved to 
be the foundation on which the whole science of embryology has 
built down to our own day. It so far surpassed its predecessors, 
and Pander in particular, that it has become, after Wolff’s work, the 
chief base of modern embryology. As Baer was one of the greatest - 
scientists of the nineteenth century, and exercised considerable 
influence on other branches of biology as well, it will be interesting 
to add a few points with regard to his life 

Karl Ernst von Baer was born at Esthland auf Piep, a small 
estate belonging to his father, in 1794. He studied from 1810 to 
1814 at Dorjiat, and went from there to Wurtzburg, wliere Dollinger 
not only initiated him to comparative anatomy and embryology', but 
liad a very lieneflcial general influence over him in tlie way of scientific 
method. From Wurtzburg he went to Berlin, and tlien, at the 
invitation of the pliysiologist Burdacli, to Konigsberg, where, Avith 
few interruptions, he lectured on zoology and embryology until 1834, 
and wrote his chief works In 1834 lie went to St Petersburg, and 
became a member of the academy of that city. Here he almost 
deserted Ihs earlier field, and engaged in various kinds of research 
of a quite different character, esiiecially in geography, geology, 
otlmography, and anthropology. During tlie last forty years his 
general views gradually altered, as 1 liave described in my Biddle of 
the Universe. In earlier years he had been a consistent supporter of 

1 I nood hcai'culj' noLe that the technical terms which are hound to creep into this 
chapter will be tullv understood later on —Tuans. 
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the monistic system. He had in lus chief work (especially in the 
preface and at the close) insisted on the unity and naturalness of 
evolution. But in later years he leaned more and more to mystical 
and teleological considerations; and, in the end, bis anthropistic 
dualism led him to embrace a curious form of theology. He spent 
his last years at Dorpat, where lie died in 1876. His most impoi-tant 
works are certainly those dealing with animal einlu-yolog>', and were 
all written in Konigsberg, though partly published elsewhere. Their 
great seiwice extends, like that of Baer, over the wliole held of 
embryology’- in many different directions. 

Baer built up the theoiy of germ -layers, as a whole and in 
detail, so clearly and solidly that it has been the starting-iwint of 
ontogenetic researcli ever since. He tauglit lliat in all the 
Vertebrates first two and then four of these germ-layers are 
formed; and that the earliest rudimentary organs of the body arise 
by the conversion of these layers into tubes. He described the first 
appearance of the vertebrate embryo, as it ina> l)e seen in the 
globular yolk of the fertilised egg, as an oval disc which first divides 
into tw’o layers. Erom the upper or annmil la>er are ileveh^])etl all 
the organs which discharge the functions of animal life — the 
functions of sensation and motion, and the covering of the body. 
From the low^or or mjetatiro layer come the oi-gans which etlect the 
vegetative life of the organism — nutrition, digestion, lilood- format ion, 
respiration, secretion, reproduction, etc. 

Each of these original layers <livi<les. uccoulmg to Ihu'i. intt) two 
thinner and siqiormpiosed Ia>ers or jilates lit' eulls the two plates 
of the animal layer, the skin-stratum and niiisele-sl i at.uiii From 
the upper of these [ihites, the .skin-stnilinn, tlu' e\t(Mnal skin, or 
outer covering of the body, the ciMitral ner\oiis sNstem, and the 
sense-organs, are formed From tlu' lowei, oi niusrh'-st > (tt urn , the 
muscles, oi Hesh\ paiis and the hoiu skeleton in a wool, tlu* motor 
organs— ariMUw (doped. In tlu* same WiiN, Haer said, tlu* low('r or 
vegetativ(^ layei splits into two plat.(‘s, wliicli In* calls the vasciilar- 
sti'atuiii and the mucous-stratum. I^Voni tlu* ont(‘r of the two (the 
r(fscul<ii) the heart, blood-vessels, sph*en, and tlu* otlu'r \ascular 
glands, tlie kidneys, and sexual glands, an* fornu'd k’rom tlu* foiirtli 
or iiiKcous layer, in tine, we get the internal and digestivi* lining of 
the alimentary canal and all its d(‘pen(lencit's, tlu* liv(*r, lungs, 
salivary glands, (dc. Baer had, in the main, coirectlv jiidg('(l tlu*. 
sigiiilicanco of tliese four secondary eiul)r\onic. lavers, and la* 
followed the conversion of them into the tuhe-sliaped primitive 
organs with great perspicacity. He first solved the difficult problem 
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of the transformation of this four-fold, flat, leaf-shaped, embiyonic 
disc into the complete vertebrate body, through the conversion of 
the layers or plates into tubes. The flat leaves bend themselves in 
obedience to certain laws of growth ; the borders of the curling plates 
approach nearer and nearer ; at last they come into actual contact. 
Thus out of the flat gut-plate is formed a hollow gut-tube, out of the 
flat spinal plate a hollow nerve-tube, from the skin-plate a skin-tube » 
and so on. 

Among the many great services which Baer rendered to 
embryology, especially vertebrate embryology, we must not forget 
his discovery of the human ovum. Earlier scientists had, as a rule, 
of course, assumed that man developed out of an egg, like the other 
animals. In fact, the preformation theory held that the germs of the 
whole of liumanity were stored already in Eve’s ova. But the real 
ovum escaped detection until the year 1827. This ovum is extremely 
small, being a tiny round vesicle about the rk of an inch in diameter; 
it can be seen under very favourable circumstances with the naked 
eye as a tiny particle, but is otherwise quite invisible. This particle 
is formed in the ovary inside a much larger globule, which takes the 
name of the Graafian follicle, from its discoverer, Graaf, and had 
previously been regarded as the true ovum. However, in 1827 Baer 
proved that it was not the real ovum, which is much smaller and is 
contained within the follicle. (Compare the end of the Twenty-ninth 
Chapter ) 

Baer was also the first to observe what is known as the 
secjmentation-fiphere of the vertebrate; that is to say, the globular 
vesicle which first develops out of the impregnated ovum, the thin 
wall of wliicli is made up of a single layer of regular, polygonal 
(many-cornered) cells (see the illustration in the Twelfth Chapter). 
Anotlier discovery of his that was of great importance in constmeting 
the vertebrate stem and the characteristic organisation of this 
extensive grou]) (to wliicli man belongs) was the detection of the 
axial rod, or the chorda dorsalm This is a long, round, cylindrical 
rod of cartilage w hich runs down the longer axis of the vertebrate 
embryo , it aiipears at an early stage, and is tlie first rudiment of 
tlie spinal column, tlie solid skeletal axis of the vertebrate. In the 
lowest of the Vertebrates, the Amphioxus, the internal skeleton 
consists only of tins cord throughout life But even in tlie case of 
man and all tlie higlier Vertebrates it is round this cord tliat the 
spinal column and tlie brain are afterwards formed. 

However, important as these and many other discoveries of 
Baer’s were in vertebrate embryology, his researches were even 
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more influential, from the circumstance that he was the first to 
employ the comparative method in studying the development of the 
animal frame. Baer occupied himself chiefly with the embryology 
of Vertebrates (especially the birds and fishes). But he by no means 
confined his attention to these, gradually taking the various groups 
of the Invertebrates into his sphere of study. As the general result 
of his comparative embryological research, Baer distinguished four 
different modes of development and four corresponding groups in the 
animal world. These chief groups or types are : 1, the Vertebrata ; 
2, the Articulata; 3, the MoUusca; and 4, all the lower groups 
which were then wrrongly comprehended under the general name of 
the Radiata. Georges Cuvier had been the first to formulate this 
distinction, in 1812. He showed that these gi-oups present specific 
differences in their whole internal structure, and the connection and 
disposal of their systems of organs ; and that, on the otlier hand, all 
the animals of the same type — say, the Vertebrates — essentially agree 
in their inner structure in spite of the greatest superficial differences. 
But Baer proved that these four groups are also quite differently 
developed from the ovum ; and that the series of embryonic forms 
is the same tliroughout for animals of the same type, but different in 
the case of otlier animals. Up to that time the chief aim in the 
classification of tho animal kingdom was to arrange all the animals 
from lowest to liighest, from tho infusorian to man, in one long and 
continuous series. The erroneous idea prevailed nearly everywlun’o 
that there was one uninterrupted chain of evolution from the lowest 
animal to the highest Cuvier and Baer proved that this Mew was 
false, and that wo must distinguish four totally ihffeient types of 
.animals, on the ground of anatomic structure and embryonic 
development 

Following up tins discovery, Baer came to formulate a verv 
imiiortant law, which is called after him Baer’s law, and which he 
himself expressed in these words --- 

Tlio dc'VolopiUL'iit of an indiMilu.il of iin\ .iniin.il t\ jx* is isi>d l)\ two 

fiMtuivs fiihtl\ , 1 )\ the piogrcssivo construction of the .inuu.il IwidN thiough a 
eontimious liistologic.il .ind tnorphologie.il segmentation, seeondh , In an 
advanee fioin a moie gencr.il to a more speei.il form of stnu-tuie The (Injicc of 
(h'rvlopou'ui of the organism consists in the greater or less measure of tiu' 
heterogt*neit\ of its elemental^ parts and of the se\ oral si'etions of its eonneeted 
s'sstmn, 111 other w'ords, in its greater liistologieal and nioi phologieal sulidivision 
(oi diltereiiti.ition) On the other hand, the t\pe consists in the disposition of 
the organic elements in the organs The t\ pe is an entiiel^ difleiinit thing from 
the degree ot de\elo])ment , the s.une type iiia\ he tumid in \anous stages of 
development, and, vice vana, tho same stage of development ma\ bo had m 
difierent type-.. 
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Hence it is that the most advanced animals of each type — for 
instance, the highest Articulata and Mollusca — are much more 
highly organised (or more effectively differentiated) than the lowest 
animals of every other type, such as the lowest Vei-tebrates and the 
Echinoderms. 

This law of Baer has proved of great service in our study of 
animal organisation, although we were not in a position to 
understand and appreciate its real significance until Darwin 
appeared. I may add that a thorough comprehension of it is only 
possible in the light of the theory of descent, and after recognising 
the important part that heredity and adaptation play in the 
production of organic forms. As I showed in my Generelle 
Morphologie (Band II., § lO), the type of development is a mechanical 
result of heredity ; but the degree of development is a mechanical 
consequence of adaptation. Heredity and adaptation are the 
mechanical agents in organic constraction which Darwin’s theory 
of selection introduced into embiyology, and through which we have 
at last come to understand Baer’s law. 

Baer’s epoch-making works aroused an extraordinary and wide- 
spread interest in embryological research. Immediately afterwards 
we find a great number of observers at work in the newly opened 
field, enlarging it in a very short time with gi*eat energy by their 
various discoveries in detail. Next to Baer’s comes the admirable 
work of Heinrich Ratlike, of Konigsberg (died I860) ; ho made an 
extensive study of the embryology, not only of the Invertebrates 
(Crustacea, Insects, Molluscs, etc.), but also, and particularly, of the 
Vertebrates (fishes, tortoises, serpents, crocodiles, etc.). We owe the 
first comprehensive studies of mammal embryology to the careful 
researcli of Wilhelm Bischoff*, of Munich ; his embryology of the 
rabbit (1840), the dog (1842), the guinea-pig (1852), and the doe 
(1854), still form classical studies. About the same time a great 
impetus was given to the embryology of tlie Invertebrates. The way 
was opened tlirougli this obscure province by the studies of the 
famous Berlin ideologist, Johannes Muller, on the Ecliinoderms. He 
was followed by Albert Kolliker, of Wiutzburg, writing on the cuttle- 
fish (or the Cephalopods), Siebold and Huxley on Worms and 
^iooph>tes, Fritz Muller (Desteiro) on the Crustacea, Weismann on 
Insects, and so on. The number of workers m this field lias gi'eatly 
increased of late, and a ([uantity of new and astonishing discoveries 
have been made. One notices, m several of these recent works on 
embryology, that their autliors are too little acquainted with com- 
parative anatomy and classification. Paleontology is, unfortunatelv, 
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altogether neglected by many of tliese new workova, althougli this 
interesting science furnishes most important facts for phylogeny, and 
thus often proves of very great service in ontogeny. 

A very important advance was made in oiu- science in 1839, 
when the cellular theory was established, and a new field of inquiry 
bearing on embryology was suddenly opened. When tlie famous 
botanist, M. Schleiden, of Jena, showed in 1838, with the aid of tlie 
microscope, that eveiy plant -was made up of innumerable elementary 
parts, which we call cells, a pupil of Johannes Muller at Berlin, 
Theodor Schwann, applied the discoveiy at once to the animal 
organism. He showed that in the animal body as well, when we 
examine its tissues in the microscope, we find these cells everywhere 
to be the elementary units. All the different tissues of the organism, 
especially the very dissimilar tissues of the neiwes, muscles, bones, 
external skin, mucous lining, etc., are originally formed out of cells ; 
and this is also true of all the tissues of the plant. These cells are 
separate living beings ; they are the citizens of the State which the 
entire multicellular organism seems to be. This inqiortant discovery 
\vas bound to he of service to embryology, as it raised a number of 
new questions. What is the relation of the cells to the germ- 
layers Are the germ-layers composed of cells, ami what is their 
relation to the cells of the tissues that form later? How does 
the ovum stand in the cellular theory ? Is the ovum itself a cell, or 
is it composed of cells? Tliese important questions were now 
imposed on the embryologist by the cellular theoiy . 

The most notalile effort to answer those (luestions- uhich were 
attacked on all sides bv different students- -is eontaiiu'd in the 
famous work, Inquiries into the Develoiment of fhe Vet leluufes {not 
translated), of Robert Remak, of Berlin (1851). This gilted scientist 
succeeded in mastering, !>> a complete riTonn of the seienei', the 
great difficulties which the cellular tlieor> hail at lirst put in the 
way of embryology. A Beilin anatomist, Call Bogiislaiis Reichert, 
had already attempted to explain the oiigin <>l the tissues Bui tins 
attempt was hound to miscarrx, since its not \eiy elear-heailed 
author lacked a sound ac<|iuimtance with emhiwology and the cell 
theory, and with the structure and develojunent of the tissues in 
liaitieular An examination of lleiclie.rt's discoveiies shows how 
inaocuiato Ids observations were, and how false the conelusions lie 
drew' from tliem. J need give only one illustration: he lielieved the 
wliole of the outer germinal layer, from which the most important 
organs are developed (the brain, spinal cord, skin, etc.), to he only a 
tempoi'ary integument of the embryo, wliich liail nothing to do with 
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the actual construction of the organism. According to him, the 
forms of the various organs did not come for the most pai't from the 
original germ -layers, but arose independently of these out of the 
yolk, and were only gradually joined to the layers. Reichert’s 
perverse studies of embryology obtained only a certain amount of 
passing attention through the audacious way in which they were 
pushed and the attack he made on Baer’s theory of the germ- 
layers ; and, in fact, they were so badly presented that nobody really 
understood them. However, on that very account they won the 
admiration of a good many readers, who felt that there must be 
some fund of wisdom at the back of all these cloudy oracles and 
mysteries. We see the same thing here and there to-day, especially 
as regards the confused writings of the “mechanical evolutionists” 
(such as Driesch and his colleagues). 

Remak at length brought order into the dreadful confusion that 
Reichert had caused ; he gave a perfectly simple explanation of the 
origin of the tissues. In his opinion the animal ovum is always 
a aimiile cell : the germ-layers which develop out of it are 
always composed of cells ; and the cells that constitute the 
germ-layers arise simply from the continuous and repeated 
cleaving (segmentation) of the original solitary cell. It first divides 
into two and then into four cells , out of these four cells are born 
eight, then sixteen, thirty-two, and so on. Thus, in the embryonic 
development of every animal and plant there is formed first of all 
out of the simple egg-cell, by a repeated sub-division, a cluster of 
cells, as Kolliker had already stated in connection with the Oephalo- 
pods in 1844. The cells of tins gi-oup spread tliemselves out flat 
and form leaves or plates , each of these leaves is formed exclusively 
out of cells The cells of different layers assume different shapes, 
increase, and differentiate , and in the end there is a further cleavage 
(differentiation) and division of labour (ergonomy) of the cells within 
the layers,, and from these all the different tissues of the body 
Xiroceed. 

These are tlie simjjle foundations of histogeny, or the science 
that treats of the development of the tissues {hiata), as it was estab- 
lished by Remak and Kolliker. Remak, in determining more closely 
the part which the different germ-layers play in tlie formation of 
the various tissues and organs, and in applying the theory of 
epigenesis to the cells and the tissues they compose, raised the 
theory of germ-layers, at least as far as it regards the Verte- 
brates, to a high degree of perfection 

Remak showed that three layers are formed out of the two 
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genu -layers which compose the first simple leaf-shaped structure 
of the vertebrate body (or the “germinal disc as tlie lower layer 
splits into two plates These three layers have a very definite 
relation to the various tissues. First of all, the cells which fonn the 
outer skin of the body (the epidermis), with its various dependencies 
(hair, nails, etc.) — that is to say, the entire outer envelope of the 
body — are developed out of the outer or upper layer , but there are 
also developed in a ciuious way out of the same layer the cells which 
form the central nervous system, the brain and the spinal cord. In 
the second place, the inner or lower genninal layer gives rise only to 
the cells which form the epithelium (the whole inner lining) of the 
alimentary canal and all that depends on it (the lungs, liver, 
pancreas, etc.), or the tissues that receive and prepare the nourish- 
ment of the body. Finally, the middle layer gives rise to all the 
other tissues of the body, the muscles, blood, bones, cartilage, etc. 
Eeinak further proved that this middle layer, which he calls “ tlie 
motor-germinative layer,” proceeds to aub-divide into two secondary 
layers Thus we find once more the four layers which Baer had 
indicated. Eemak calls the outer secondary leaf of tlio middle 
layer (Baer’s “muscular layer”) tlie “Kkiu-la\er” (it would 
be better to say, skin-fibre layer) ; it forms the outer wall 
of the body (tlie true skin, the musclt'.s, oU* ) To tlie inner 
secondary leaf (Ihier’s “vascular layer”) he gave the name of 
the “ aliiiiontary-fihro layer”, this forms the, outer (Mi\elc)pe of 
the alimentary canal, with the iiiesenterv, the heait, the blood- 
vessels, etc. 

On this linn foundation provided hy Keniak for liistnijf'iij/, or the 
science of the formation of the tissues, our knowledge has been 
gradually built up and enlarged in detail. Tlieri' have heim several 
attempts to restrict and oven destrov Remak’s priiicijiles Two 
anatomists, Reichert (of Berlin) and \Villielm JIis (of Leip/ic), 
especially, have endeiuoiired in their works to introduce a new' 
conception of the emhiyonic development of the Vertebrate, aecording 
to which tlio two priniaiy ge,nii-la>ers would not he tlie sole, 
sources of formation But these efforts were so serioush marred hy 
ignoiance of coiiiparalive anatomy, an imperfect acquaintance with 
ontogenesis, and a complete neglect ol phylogenesis, that they could 
not have more than a iiassing success We can only exiilain how 
these cm ions attacks of Eoieliert and llis came to be regardc'd for a 
time as advances hy the general lack of discninmation and of grasp 
of the true object of embiy ology. 

Wilhelm Ills inihhshed, in 1HG8, his oxtcn.sivc lieHcarclm info the 
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Earliest Form of the Vertebrate Bochj,^ one of the curiosities of 
embryological literature. The author imagines that lie can build a 
“ mechanical theory of embryonic development ” by merely giving an 
exact description of the embryology of the chick, without any regard 
to comparative anatomy and phylogeny, and thus falls into an error 
that is almost without parallel in the history of biological literature. 
As the final result of his laborious investigations, His tells us “ that 
a comparatively simple law of growth is the one essential thing in 
the first development. Every formation, whether it consists in 
cleavage of layers, or folding, or complete division, is a consequence 
of this fundamental law.” Unfortunately, he does not explain what 
this “law of growth” is; 3ust as other opponents of the theory of 
selection, who would put in its place a great “law of evolution,” 
omit to tell us anything about the nature of this. Nevertheless, it 
is quite clear from His’s works that he imagines constructive Nature 
to be a sort of skilful tailor. The ingenious operator succeeds in 
bringing into existence, by “evolution,” all the various forms of 
living things by cutting up in different ways the germ-layers, 
bending and folding, tugging and splitting, and so on. Bending and 
folding, especially, play an important part in this sartorial theory of 
embryology. “ Not only the division of head from trunk, stem from 
periphery, but even the form of the members and the differentiation 
of the brain, the sense-organs, the primitive vertebral column, the 
heart, and the rudimentary bowels, can be proved convincingly to be 
mechanical conseciuences of the first folding process.” The funniest 
part of it is when the tailor comes to fashion the two pairs of limbs : 
“ The form is like the four corners of a letter, obtained by the 
crossing of four folds that surround the body.” But this “envelope 
theory ” is suiqiassed by the “ rag-bag theory ” with which His explains 
the rudimentary organs : “ Organs (such as the hypophysis or the 
thyroid gland) for whicli no physiological function has yet been 
found ; they are embryonic remnants, whicli W’e might compare to 
the superfluous pieces that are left over when a coat is cut 
out even in the most economic fashion ”(!). So our Nature- 
tailor now thiows her leavings into the rag-bag. If our skull- 
less ancestors of tlie Silurian period had had any presenti- 
ment of sucli vagaries as these on the part of uieir human 
successors, they would certainly have preferred to abandon 
altogether the ciliated groove at their gill-openings, rather than 
pass it on to the Amphioxus, and thus leave us the equivocal gift 


None of His’h works have been tianslated into English —Trans 
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of the thyroid gland (which forms the dreaded goitre when it is 
morbidly enlarged). 

But the most important and extensive of tho einhryological 
theories of His was his famous “ theory of tlie parahlasts.” According 
to this, the human body (and that of all other Vertebrates) is made 
up at first of two different organisms, which arise from two entirely 
separate embryonic structures, the chief embryo and tlie secondary 
embryo. It is only the chief embryo, or the “ Archiblast,” that 
develops from the fertilised ovum, and is built from the two jirimaiy 
germ-layers which are formed by its repeated sub-division. On 
the other hand, the secondary embryo, or the “ Parablast,” is formed, 
not out of the germ-layers, but from parts of the white yolk ; the 
cells which compose it come from the follicle-cells of the inemhrana 
granulosa, and have passed from the ovary into the yolk. Hence 
the “parablast” is an additional gift from tho mother, the 
“ archiblast ” alone coming from both parents, as a protliict of the 
fertilised ovum, and transmitting their features to the offspring. 
From this secondary embryo are developed (parthenogencticall>') the 
tissues of tlie blood-vessels and the connective jiarts (bones, cartilages, 
etc ) ; while all the other tissi.es of the vertebrate body are formed 
from the sexually-produced chief embryo. The two embryos are at 
first quite independent, “ sharply distinguished, not only in regard 
to origin, but also from the histological and pin siological points of 
view.” Thus the vertebrate organism is a double being, formeil by 
the “ symbiosis,” or the gradual coalescence, of two animals that 
were at first distinct. As the liclum is made uj) of two distinct 
plants, a fungus and an alga, so, according to His, ever> Vertebrate 
is composed of two sejiarato animals, an archiblast and a ])arablast. 
I have pointed out m my essay on The Orujiii (did ncrclojiiiiciit of 
the Anunal Ti.ssues (18H4) the far-reaching conseciuences that would 
follow from this ” s> mbiosis of the Vertebrate.” 

This parablast theory, like IIis’s other einhryological theories, 
excited a good deal of interest at the time of its publication, and has 
evoked a fair amount of literature in tlu' last few decades, IIis 
])rofessed to exiiluin the most conijilicati'd parts of organic con- 
struction (such as the development of the hi am) in the simplest wav 
on mechanical principles, and to derive them immediately from 
simple plnsical ])rocesses (such as iineciual distribution of strain in 
an elastic plate) It is quite true that a mechanical or monistic 
explanation (or a reduction of natural phenomena to physical and 
chemical ])rocessos) is the ideal of modern science, and this ideal 
would be realised if we could succeed in expressing these formative 
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processes in mathematical formulae. His has, therefore, inserted 
plenty of numbers and measurements in his embryological works, 
and given them an air of “exact” scholarship by putting in a 
quantity of mathematical tables. Unfortunately, they are of no 
value, and do not help us in the least in forming an “ exact ” 
acquaintance with the embryonic phenomena. Indeed, they wander 
from the true path altogether by neglecting the phylogenetic method ; 
this, he thinks, is “a mere by-path,” and is “not necessary at all 
for the explanation of the facts of embryology,” which are the direct 
consequence of physiological principles. What His takes to be a 
simple physical process — for instance, the folding of the germinal 
layers (in the formation of the medullary tube, alimentary tube, etc.) 
— is, as a matter of fact, the direct result of the growth of the various 
cells which form those organic structures ; but these growth-motions 
have themselves been transmitted by heredity from parents and 
ancestors, and are only the hereditary repetition of countless phylo- 
genetic changes which have taken place for thousands of years in the 
race-history of the said ancestors. 

Each of these historical changes was, of course, originally due to 
adaptation ; it was, in other words, physiological, and reducible to 
mechanical causes. But we have, naturally, no means of observing 
them now. It is only by the hypotheses of the science of evolution 
that we can form an approximate idea of the organic links in this 
historic chain, I have contrasted these phylogenetic theories with 
the pseudo-mechanical theories of His in my essay on The Aims ancl 
Methods of Modern Ejnbryology (1875). I have also given in this 
essay a criticism of the curious theories of evolution which Alexander 
Goette has put forward in his comprehensive and finely illustrated 
study (1875) of the development of the ringed-snake , and of the 
religious and mystic views of Louis Agassiz. Such vagaries as these 
are scarcely possible in any other science to-day. That they crop up 
in the science of embryology is due in part to the extreme difficulty 
and intricacy of its object, and in part to the inadequate training of 
many of the workers in this field. In fine, it is worth noting that, 
though His’s pseudo-meclianical method has (like the very* different 
method of Goette) been much admired, it has not been developed or 
applied with any success by any other scientist. No results of any 
value have been attained by it. 

All the best recent research in animal embryology has led to the 
confirmation and development of Baer and Eemak’s theory of the 
germ-layers. One of the most important advances in this 
direction of late was the discovery that the two primary layers out 
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oi which is built the body of all Veiiiebrates (incliuling man) are also 
present in all the Invertebrates, with the sole exception of the lowest 
group, the unicellular Protozoa. Huxley had detected them in the 
Medusa in 1849. He showed that the two layers of cells from which 
the body of this animal is developed correspond, both morphologically 
and physiologically, to the two original germ -layers of the Vei'te- 
brate. The outer layer, from which come the external skin and the 
muscles, was then called by Allman (1863) the “ ectoderm ” ( -outer 
layer, or skin) ; the inner layer, which forms the alimentaiy and 
reproductory organs, was called the “ entodeim ” ( --inner layer). In 
1867 and the following years the discoveiy of the germ -layers 
was extended to other gi’ouxjs of the Invertebrates. In pai*ticular, 
the indefatigable Eussian zoologist, Kowalevsky, found them in all 
the most diverse sections of the Invertebrates — the Worms, Tunicates, 
Echinoderms, Molluscs, Ai*ticulates, etc. 

In my Monogi-apli on the Sponges (1872) I myself proved that 
these two primary germ-layers are also found in that group, and 
that they may be traced from it right up to man, through all the 
various classes, m analogous (or liomologoiis) form. This “ homology 
of the two primary gorm-layers” extends tlirough tlie wliole of 
the Metazoa, or tissue-forming animals , that is to say, tlirough the 
whole animal kingdom, with the one exception of its lowest section, 
the unicellular beings, or Protozoa. Tiiosc lowly organised animals 
do not form gL'rm -layers, and tlierefore do not sueceed in forming 
true tissue. Then* wliolo body consists of a single cell (as in the 
case with the Aiiuehu' and Infusoria), or of a loose aggr(‘gation of 
only slightly ditferentiateil eolls, though it iiia.\ not «*\en reach the 
full structuio of a single cell (as ^\ith the Moiiera). But m all other 
animals tho ovimi first glows into two prinian lasers, the outer or 
animal la^or (the ectcKlorm, ejuhlast, oi ectohlast), and the inner or 
mjctal la>er (the entoilerm, hjpohlast, oi endohlast) , and from these 
the tissues and organs are formed Tho first and oldest organ of all 
these Metazoa is tho primitive gut (or iirogastei) and its oijenmg, tho 
])rimitivo mouth (iirostoma). The t\pioal einhiwonic loriii of the 
Metazoa, as it is lavsented for a time l)> tliis simple stiuetun' of the 
t\vo-la\ered hixU, is called the ijahtnda , it is to he conceived as tho 
heiediiar> reju’oduction of some primitive cominon ancestor of tho 
Metazoa, winch wo call tho (fa-stra'a. Tliis applies to tho Sponges 
and other Zooj)h\ta, and to the Worms, tho Mollusca, Eehinodi’rma, 
Articulata, and Vertehrata All these animals may he comprised 
under tho general heading of “gut-animals,” or Metazoa, in con- 
tradistinction to the gutless Protozoa. 
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I have pointed out in my Study of the Gastma Theory [not 
translated] (1873) the important consequences of this conception 
in the morphology and classification of the animal world. I also 
divided the realm of Metazoa into two great groups, the lower and 
higher Metazoa. In the first are comprised the Ccelenterata (also 
called Zoophytes, or “plant-animals”)- In the lower forms of this 
group the body consists throughout life merely of the primary germ- 
layers, with the cells sometimes more and sometimes less differen- 
tiated ; this is the case with the Gastrseads, the simpler Sponges 
(Protospongia), the Hydropolyps, and the lower Medusae. But with 
the higher forms of the Coelenterata (the Corals, higher Medusae, 
Ctenophora, and Platodes) a middle layer, or viesodemi, often of con- 
'siderable size, is developed between the other two layers ; but blood 
and an internal cavity are still lacking. 

To the second great groui3 of the Metazoa I gave the name of the 
Goelomaria, or Bilaterata (or the bilateral higher forms). They aU 
have a cavity within the body (coelom), and most of them have blood 
and blood-vessels. In this are comprised the six higher stems of the 
animal kingdom, the Annulata and their descendants, the MoUusca, 
Echinoderma, Artioulata, Tunicata, and Vertebrata. In all these 
bilateral organisms the two-sided body is formed out of four 
secondary germ-layers, of which the inner two construct the wall 
of the alimentary canal, and the outer two the wall of the body. 
Between the two pairs of layers lies the cavity (coelom). 

Although I laid special stress on the great morphological 
importance of this cavity in my Study of the Gastraa Theory, and 
endeavoured to prove the significance of the four secondaiy germ- 
layers in the organisation of the Coelomaria, I was unable to deal 
satisfactorily with the difficult question of the mode of their origin. 
This was done eiglit years afterwards by the brothers Oscar and 
Eichard Hertwig in their careful and extensive comparative studies. 
In tlieir masterly Ccplom Theory : An Attempt to Explain the Middle 
Germinal Layer [not translated] (1881) they showed that in most of 
the Metazoa, especially in all the Vertebrates, the body-cavity arises 
in the same w^ay, by tlie invagination of tw'o of tlie entoderm sacs. 
These two coelom -pouches grow out from the rudimentary mouth of 
the gastrula, between the two primary layers. The inner plate of 
tlie two-layered coelom -pouch (the visceral layer) joins itself to the 
entoderm ; the outer plate (parietal layer) unites witli the ectoderm. 
Thus are formed tlie double-layered gut- wall within and the double- 
layered body-wall without , and between the two is formed the cavity 
of the coelom, by the blending of the right and left coelom-sacs. 
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The many new points of view and fresh ideas suggested ])y m>' 
Gastrsea-theory and Hertwig’s Ooelom-theoiy led to the publication 
of a number of writings on the theory of germ-layers. Most of 
them set out to oppose it at first, but in the end the majority 
supported it. Of late years both theories are accepted in their 
essential featui-es by nearly every competent man of science, and 
light and order have been introduced into this once dark and con- 
tradictory field of research. A further cause of congi'atulation for 
this solution of the great embryological controversy is that it brought 
with it a recognition of the need for phylogenetic study and expla- 
nation. 

Interest and practice in embryological research liave been remark- 
ably stimulated dmdng the past thirty years by this appreciation of 
phylogenetic methods. Hundreds of assiduous and able observers 
are now engaged in tire development of comparative embryology and 
its establishment on a basis of evolution, whereas they numbered 
only a few dozen not many decades ago. It would take too long to 
enumerate even the most important of the countless valuable works 
which have enriched embiyological literature since that time. 
References to them will he found in the latest manuals of embryology' 
of KoUiker, Balfour, Hertwig, Kollraan, Korschelt, and Heider. 

Kolliker's EntwickelnnuHUPficJuchte ties Mennchfu und der hvhorcy 
There, the first edition of wliicli appeared forty-two years ago, had 
the rare merit at that time of gathering into in'osentahlo form the 
scattered results of tlie science, and expounding them m some soi't of 
unity on the basis of the cellular tlieory and tho theory of germ- 
layera. Unfortunately, the (listinguislicd Wurtzlnirg anatomiKt, to 
whom comparative anatomy, histology, and ontogeny owe .so much, 
is opposed to tho theory of descent generally and to Darwinism in 
particular In tho latest edition of Ins work (IH.Sd) ho rejected tlie 
evolutionaiy significance of the facts of embryology, as I ])ointed it 
ont, and the Gastnea-theory On tho other hand, he suhscrihes 
(though less fully of late voars) to the theories of llis, anti lias ctin- 
trihuted a good deal by liis great aiithontv t<i the prestige fho>' 
enjoyed for a time. 

All tho other manuals 1 have meniioiietl take a d(‘cided stand on 
evolution. Francis Balfour has carefully collected and iiresented 
with diseriniination, in his Manual of Coniparatnr Eiahrmdoqu (IMHO), 
tho very scatli'red and extensive literature of the subject; li(‘ has 
also wiclenod the basis of the Gastrajii-theory by a comjiarative 
description of the rise of the organs from the germ-layers in all 
the chief groups of tlio animal kingdom, and has given a most 
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thorough empirical support to the principles I have formulated. A 
comparison of his work with the excellent Text-book of the Embryo- 
logy of the Vertebrates (1890) [translation, 1895] of Korschelt and 
Heider shows what astonishing progress has been made in the 
science in the course of ten years. I would especially recommend 
the manuals of Julius Kollman and Oscar Hertwig to those readers 
who are stimulated to further study by these chapters on human 
embryology. KoUman’s Lehrbuch der entwickelungsgeschichte des 
Meiischen (1898) is commendable for its clear treatment of the 
subject and very fine original illustrations ; its author adheres firmly 
to the biogenetic law, and uses it tliroughout with considerable 
profit. That is not the case in Oscar Hertwig’s recent Text-book of 
the Embryology of Man aoul the Mammals [translations 1892 and 
1899] (seventh edition, 1902). This able anatomist has of late often 
been quoted as an opponent of the biogenetic law, although he 
himself had demonstrated its great value thirty years ago in his 
Untersuchimcjen uber Bau wul Entioickelung der Plakoidschtippen. 
His recent vacillation is partly due to the timidity which our “ exact ” 
scientists have with regard to hypotheses ; though it is quite impos- 
sible to make any headway in the explanation of facts without them. 
However, the purely descriptive part' of embryology in Hertwig’ s 
Text-book is very thorough and reliable. A shorter account is given 
in his Elemente der Entiuickelmyslehre (Jena, 1900), and a very good 
summary of special work done by many authors in his Ha'ndbuch 
der vergleichenden und experimentell&>v Entioickelung slehre der 
Wirbelthiere (Jena, 1901). 

A new branch of embryological research has been studied very 
assiduously in the last decade of the nineteenth century — namely, 
“experimental embryology.” Tlie great importance which has been 
attached to the application of physical experiments to the living 
organism for the last Inindred years, and the valuable results that it 
lias given to pliysiology in the study of the vital plienomena, have 
led to its extension to embryology. I was the first to make experi- 
ments of this kind during a stay of four months on the Canary 
Island, Lanzerote, in 1866. I there made a thorough investigation 
of the almost unknown embryology of the Siphonophora. I cut a 
number of the embryos of these animals (which develop freely in the 
water, and pass through a very curious transformation), at an early 
stage, into several jiieces, and found that a fresli organism (more or 
less complete, accortling to the size ol tlie iiiece) was developed from 
each ])article. 1 have given illustrations of the curious larvai 
(sometimes of quite monstrous shapes) which form from them on 
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plates 11-14 of my Ent w ickclumj an each i elite dev HijJhoiiophoren 
(Utrecht, 1869). 

More recently some of my pujiils have made similar experiments 
with the embryos of Vertebrates (especially the froft) and some of 
the Invertebrates. Wilhelm Eoux, in particular, has maile extensive 
experiments, and based on tlicm a si)ecial “ mechanical embryology,” 
which has given rise to a gootl deal of discussion and controversy. 
Eoux has published a special journal for these sul^jects since 1895 
the Archw fiir EntwickelnmjHmcchauik. TIic contributions to it are 
very varied in value. Many of them are valuable- jiapers on the 
physiology and pathology of the embryo. Patihological experiments 
— the placing of the embryo in abnormal conditions — iiave yielded 
many interesting results ; just as the jibysiology of the normal body 
has for a long time derived assistance from the jiatiiology of the 
diseased organism. Other of tlicse mechanical-evolutionary articles 
return to the erroneous methods of His, and are only misleading. 
This must be said of the many contributions of mechanical 
embryology which take uj) a jiosition of hostiht> to tlie theory of 
descent and its chief emhryological foundation — tlie hiogenetic law. 
This law, however, when rightly understood, is not oiijiosed to, hut is 
the best anti most solid supiiort of, a sound mechanical embryology. 
Impartial reflection and a tluo attention to paheontology and com- 
parative anatomy sliould coiiMnce tliese ont'-sideil nu'cliamcists that 
the facts tliey have discovoreil and, indi*ed, tlu' wiiole emhryo- 
logical iiroccss — cannot la* fulK understottil \Nilhoul the tiu'ory of 
descent and the hiogenetic law. 
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Evolution before Darwin. The origin of species. Carl Linn4 gives a definition 
of species and genus, and associates it with the Biblical story of creation. The 
deluge. Paleontology. The catastrophic theory of Georges Ouvier. Repeated 
revolutions on the earth and fresh creations. Lyell’s theory of continuity. 
The natural causes of the gradual formation of the earth. Supernatural origin 
of living things. Dualistic natural philosophy of Immanuel Kant. Monistic 
natural philosophy of Jean Lamarck. His hfe. His Philoaophie Zoologiqtke. 
The first scientific treatment of evolution. Transformation of organs by use 
and habit, together with heredity. Application of the theory to man Descent 
of man from the ape. Wolfgang Goethe. His scientific studies. His 
morphology. His studies on the formation and transformation of organic 
natures. Goethe’s theory of the impulse to specification (heredity) and meta- 
morphosis (adaptation) . 

The embryology of man and the animals, the history of which we 
have reviewed in the last two Chapters, was mainly a descriptive 
science forty years ago. The earlier investigations in this province 
were chiefly directed to the discovery, by careful observation, of the 
wonderful facts of the embryonic development of the animal body 
from the ovum. Forty years ago no one dared attack the question 
of the causes of these phenomena. For fully a century, from the 
year 1759, when Wolff’s solid Theoria generatioms appeared, until 
1859, when Darwin published his famous Origin of Species, the real 
causes of the embryonic processes were quite unknown. No one 
thouglit of seeking the agencies that effected this marvellous 
succession of structures. Tlie task was thought to be so difficult as 
almost to pass beyond the limits of human thought. It was 
reserved for Charles Darwin to initiate us into the knowledge of 
these causes. This compels us to recognise in this gi-eat genius, who 
wrought a complete revolution in the whole field of biology, a 
founder at the same time of a new period in embryology. It is true 
that Darwin occupied himself very little with direct embryological 
research, and even in his chief work lie only touches incidentally on 
the embryonic phenomena , but by his reform of the theory of 

1 Of GlodcVa Pioneers of EvoluHo7i &nd Packard’s Laviarck and Neio-Lamorclcism und 
Lamarck the Founder of EvoluHon. 
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descent and the founding of the theory of selection he has given us 
the means of attaining to a real knowledge of the causes of 
embryonic development. That is, in my opinion, the chief feature 
in Darwin’s incalculable influence on the whole science of evolution. 

When we turn our attention to this latest period of embryological 
research, we pass into the second division of organic evolution — 
stem-evolution, or phylogeny. I have akeady indicated in the First 
Chapter the important and intimate causal connection between these 
two sections of the science of evolution — between the evolution of 
the individual and that of his ancestors. We have formulated this 
connection in the biogenetic law ; the shorter evolution, that of the 
individual, or ontogenesis, is a rapid and summary repetition, a 
condensed recapitulation, of the larger evolution, or that of the 
species. In this principle we express all tlie essential points 
relating to tlie causes of evolution; and we shall seek throughout 
this work to confirm this principle and lend it the support of facts. 
When we look to its causal significance, perhaps it would be better 
to formulate the biogenetic law tlius . “ The evolution of the species 
and the stem {phulon) shows us, in the physiological functions of 
heredity and adaptation, the conditioning causes on which the 
evolution of the individual depends ”, or, inoro liriofly : “ Phylo- 
genesis is the meclianical cause of ontogenesis.” 

We owe it to Darwin that we are now in a jiosition to trace and 
appreciate those hitlierto obscure causes of embryonic devoloiiment, 
and so we give liis name to a now period in embryology. But before 
we examine the great achievement by wliicli Darwin revealed the 
causes of evolution to us, we must glance at the efforts of earlier 
scientists to attain tins object Our historical m(piir> into these 
will be even shorter than that into the work ilom* in the field of 
ontogeny' We have very few’ names to consider here. .\.t tlie head 
of tliem Nve find the gieat French naturalist, dean Laniaick, who 
first established evolution as a scientific theoiw in 1H09. Even 
before his time, however, the chief philosojilu'r, Kant, and the chief 
poet, (loethe, of (lermain liad occuiiiotl themselves with tlie suliject 
But Ihei)' efforts ])assed almost without recognition in the eighteenth 
c(‘ntui\. A ” i)hiloso])h> of nature” did not arise until the beginning 
of tlie iiiiKdeenth century In the w'liolo of the time liefore this no 
one liad vmiturod to raise seriously tlie (piestion of the origin of 
species, w hich is tlie culminating jioint of phylogeny On all sides 
it W’as regarded as an insoluble enigma 

The w’hole science of the evolution of man and tlio other animals 
is intimately connected with tlie question of the nature of species, or 
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with the problem of the origin of the various animals which we 
group together under the name of species. Thus the definition of 
the species becomes important. It is well known that this definition 
was given by Linn6, who, in his famous Syst&nm Natures (1735), was 
the first to classify and name the various groups of animals and 
plants, and drew up an orderly scheme of the species then known. 
Since that time “ species ” has been the most important and indis- 
pensable idea in descriptive natural history, in zoological and 
botanical classification; although there have been endless contro- 
versies as to its real meaning. 

What, then, is this “organic species”? Linn6 himself did not 
give a very clear account of it. He, unfortunately, relied on religious 
notions which the dominant creed had founded on the Mosaic story 
of creation, and which have not yet wholly disappeared. Linn6, in 
fact, appealed directly to the Mosaic nan*ative ; he believed that, as 
it is stated in Genesis, one pair of each species of animals and plants 
was created in the beginning, and that all the individuals of each 
species are the descendants of these created couples. As for the 
hermaphrodites (organisms that have male and female organs in one 
being), he thouglit it sufficed to assi.me the creation of one sole 
individual, since this would be fully competent to propagate its 
species. Further developing these mystic ideas, Linn6 went on to 
borrow from Gemsis the account of the deluge and of Noah’s ark as 
a gi’ound for the c horology of organisms — that is to say, for a science 
of their geographical and topogi’aphical distribution. He accepted 
the story that all the plants, animals, and men on the earth were 
swept away in a universal deluge, except the couples preserved with 
Noah in the ark, and ultimately landed on Mount Ararat. This 
mountain seemed to Linn6 particularly suitable for the landing, as it 
reaches a height of more than 16,000 feet, and thus provides in its 
higher zones the several climates demanded by the various species of 
animals and plants : the animals that were accustomed to a cold 
climate could remain at the summit ; those used to a warm climate 
could descend to the foot , and those requiring a temperate climate 
could remain half-way down. From this point the re-population of 
the earth with animals and plants could proceed. 

It was impossible to have any scientific notion of the method of 
evolution in Lmne’s time, as one of the chief sources of information, 
paleontology, was still wholly unknown. This science of the fossil 
remains of extinct animals and plants is very closely bound up with 
the whole question of evolution. It is impossible to explain the 
origin of living organisms without appealing to it. But this science 
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did not rise until a much later date. The real founder of scientific 
paleontology was Georges Cuvier, the most distinguished zoologist 
who, after Linn6, worked at the classification of the animal world, 
and effected a complete revolution in systematic zoology at the 
beginning of the nineteenth century. The influence of this famous 
scientist, which was of extraordinary seiTice, especially in tlie first 
three decades of the century, was so great that he opened up new 
paths in nearly every part of scientific zoology, particularly in 
classification, comparative anatomy, and paleontology. It is im- 
portant, therefore, to inquire what idea Cuvier had of the nature of 
the species. In this respect he associated himself witii Linn6 and 
the Mosaic stoiy of creation, though this was more diflieult for him 
with his acquaintance with fossil remains. He clearly showed that 
a number of quite difl'erent animal populations liave lived on the 
earth ; and he claimed tiiat we must distinguish a number of stages 
in the history of our planet, each of %vhich was characterised by a 
special population of animals and plants. 

Cuvier had, naturally, to meet the question of the origin of these 
different populations, and if they were connected with eacli other or 
not. He answered this question in tlie negative, affirming that the 
successive populations were quite independent of each other, and 
that therefore the suiiernatural creative act, wliich was assumed as 
the origin of the animals and plants by the dominant creed, must 
have been repeated several times. In this way a wliole series of 
different creative periods must have succeeded each otlier, and in 
connection with tliese he had to assume tliat stuiiendous revolutions 
or cataclysms — something like tlie legendary deluge — must have 
taken place i'ei)eatedly. Cuvier was all the more mteri'sted m these 
catastroplies or cataclysms as geologv was just beginning to assert 
itself, and great progress was being made in our knowledge of tlie 
structure and formation of the eartli’s crust Tlie various strata of 
the crust were being carefullv examined, especially hv the famous 
geologist Werner and his school, and the fossils found lu them were 
being classified ; and these researches also seemed to jioint to a 
variety of creative periods. In cacli period the earth’s crust, com- 
pusetl of the various strata, secinctl to be diff'erentl> constituted, just 
like the iioiailation of animals ami plants that then lived on it. 
Cuvier coinhmetl this notion with the results of his own paleonto- 
logical and zoological research ; and in his effort to get a consistent 
view of the wMiole jirocess of the earth’s history be came to form the 
theory which is known as “ the catastrophic theory,” or the theory 
of terrestrial revolutions. According to this theorv, there have been 
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a series of mighty cataclysms on the earth, and these have suddenly 
destroyed the whole animal and plant population then living on it ; 
after each cataclysm there was a fresh creation of living things 
throughout the earth. As this creation could not be explained by 
natural laws, it was necessary to appeal to an intervention on the 
part of the Creator. This catastrophic theory, which Cuvier 
described in a special work, was soon generally accepted, and 
retained its position in biology for half a century. 

However, Cuvier’s theory was completely overthrown sixty years 
ago by the geologists, led by Sir Charles Lyell, the most distinguished 
worker in this field of science. LyeU proved in his famous Principles 
of Geology (1830) that the theory was false, in so far as it concerned 
the crust of the earth ; that it was totally unnecessary to bring in 
supernatural agencies or general catastrophes in order to explain the 
structure and formation of the mountains , and that we can explain 
them by the familiar agencies which are at work to-day in altering 
and reconstructing the surface of the earth. These causes are — the 
action of the atmosphere and water in its various forms (snow, ice, 
fog, rain, the wear of the river, and the stormy ocean), and the 
volcanic action which is exerted by the glowing central mass. Lyell 
convincingly proved that these natural causes are quite adequate to 
explain every feature in the formation of the crust. Hence Cuvier’s 
theory of cataclysms was very soon driven out of the province of 
geology. 

Nevertheless, the theory remained for another thirty years in 
undisputed authority in biology. All the zoologists and botanists 
who gave any thought to the question of the origin of organisms 
adhered to Cuvier’s erroneous idea of revolutions and new creations. 
It is one of the most curious instances on record of two cognate 
sciences pursuing for some time totally different ways from each 
other Biology lagged behind on the paths of dualism, and declared 
it impossible to solve the problem of the formation of species on 
natural principles ; geology, on the contrary, advanced rapidly along 
the monistic path, and solved the problem bv the indication of the 
natural agencies at work. 

In order to illustrate the complete stagnancy of biology from 
1830 to 1859, on the question of the origin of organisms, or the 
formation of the various species of animals and plants, I may say, 
from my own experience, that during the whole of my university 
studies 1 never lieard a single word said aliout this most important 
problem of the science. I was fortunate enough at that time (1852- 
1857) to have tlie most distinguished masters for every branch of 
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biological science. Not one of them ever mentioned this question of 
the origin of species. Not a word was ever said about the earlier 
efforts to understand the formation of living things, nor about 
Lamarck’s Philosophie Zoologiquc, which had made a fresh attack 
on the problem in 1809. Hence it is easy to understand the 
enormous opposition that Darwin encountered when he took up the 
question for the first time. His views seemed to float in the air, 
without a single previous effort to support them. The whole 
question of the formation of living things was considered by 
biologists, until 1859, as pertaining to the province of )*eligion and 
transcendentalism ; even in speculative philosophy, in which the 
question had been approached from various sides, no one had 
ventured to give it serious treatment. 

This last circumstance was due to the dualistic system of 
Immanuel Kant, and tlie enormous influence of this most important 
of recent tlhnkers down to our own time. Kant, a genius both in 
science and philosopliy, taught a natural system of evolution as far 
as tlie inorganic world was concerned , but, on the ^^hole, adopted a 
supernatuvalist system as regards the origin of living things. In liis 
(k>npml ITisf())n and Thoorn of the IlenviniH [translated in ludifs 
Coj<ino((07t!f\ Kant made a very happy effort to deal \sith the 
structure and mechanical origin of the uni\erse on Newton’s 
principles — in other words, to explain it on mechanical and monistic 
in'incijiles ; and tins effort to exidain the origin of the universe by 
natural, ellicicnt causes is still tlie basis of cosmogony. Hut Kant 
anirmed that this “ princijile of natural mechanicism, without which 
there can 1)0 no real science," was (pute incapable of furnishing an 
ox])lanation of organic ])lienomena, anti ('speciall> of the oi igin of 
living things, and that we must tmn to sujKM'iialui'al or final causes 
for tlio explanation of the origin of these dcsofiu'i/ structures lie 
even w'ent so far as to sav ‘ “ It is tpiite certain that we cannot e\en 
satisfactoriljv understand, much h'ss explain, the nature of an 
organism and its internal forces on pureh mechanical piinciiiles, it 
is so certain, indeed, that we ma\ confidentl) su\ ' It. is al>surd for 
a man to imagine (W'en that some dav a Newton will arise wlio will 
ex])lam t.Iu* oiigin of a single blade of grass l)\ natural laws not 
controlled 1 )n design’ such a liope is entireh Idi bidden us." In 
these words Kant delimti*l> adopts tlic dualistic and teleological 
point of view for liiological science.^ 

> KutiJx ih-t U'h'ohmisrhfn VilhrtU'lra/t, 71 RuU 7S», I trutislutc Htu-ckers 
—TUVNS.I 
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Neveirfcheless, Kant deserted this point of view at times, parti- 
cularly in several remarkable passages which I have dealt with at 
length in my Natural History of Creation (Chapter V.)j where he 
expresses himself in the opposite, or monistic, sense. In fact, these 
passages would justify one, as I showed, in claiming his support for 
the theory of evolution. Several very significant passages which 
Eritz Schultze has brought to light in his interesting work, Kant und 
Darwin^ seem to give Kant the character of being the first Darwinian 
prophet. He quite clearly enunciates the great idea of an all- 
embracing and monistic evolution. He speaks of “ a falling away 
from the primitive type of the genus by natural variations.” In 
fact, he affirms that “ man originally walked on four legs, and only 
gradually developed the erect attitude, and raised himself so proudly 
above his former animal comrades.” However, these monistic 
passages are only stray gleams of light ; as a rule, Kant adheres in 
biology to the obscure diialistic ideas, according to which the forces 
at work in inorganic nature are quite different from those of the 
organic world. This dualistic system prevails in academic philo- 
sophy to-day — most of our philosophers still regarding these two 
provinces as totally distinct. They put, on the one side, the 
inorganic or lifeless ” world, in which there are at work only 
mechanical laws, acting necessarily and without design ; and, on the 
other, tlie province of organic nature, in which none of the pheno- 
mena can be properly understood, either as regards their inner 
nature or tlieir origin, except in the light of preconceived design, 
carried out liy final or purposive causes. 

Tlie prevalonce of this unfortunate dualistic prejudice prevented 
tlie proldeni of the oi-igin of species, and the connected question of 
the origin of man, from being regarded by the bulk of people as a 
scientific (luostion at all until 1859, Nevertheless, a few distin- 
guished students, free from the current prejudice, began, at the 
commonceinont of tlie nineteontli century, to make a serious attack 
on the problem The merit of tliis attaches particularly to what is 
known as “ tlie older school of natural philosophy,” which has been 
so mucli misrepresented, and which included Jean Lamarck, Buff on, 
Geoffrey St Hilaire, and Blamville in Erance ; Wolfgang Goethe, 
Eemhokl Troviranus, Sclielling, and Lorentz Oken in Germany [and 
Erasmus Darwin in England] . 

The gifted natural philosoiiher w'ho treated this difficult question 
with the greatest sagacit> and comprehensiveness w'as Jean Lamarck. 
He was born at Bazeiitiii, m Picardy, on August 1st, 1744; he was 
the son of a clergyman, and was destined for the Church, But he 
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turned to seek glory in the army. In his sixteenth year he distin- 
guished himself by his bravery in the battle of Lippstadt, and was 
then in garrison in the south of France for several years. Here he 
began to study the interesting flora of the Mediten-anean coast, and 
it inspired him with a love of botany. He resigned his commission, 
and in 1778 published his important work, Flore Frangaise. For a 
long time he failed to secm-e a place in science, and it was not until 
his fiftieth year (1794) that he was offered the chair of zoology at 
the museum of the Jardin des Plantes at Paris. He then went 
deeper into zoology, and he soon rendered as great a seiwice in 
zoological classification as he had done in botany. In 1802 he 
published his Considerations sur les corps vivants, in which we find 
the germs of his theory of evolution. In 1809 appeared his chief 
work, the famous Pliilosoplm Zoolotjique, in which he developed his 
theory. In 1815 he published his comprehensive Natural History of 
the Invertebrates {Histoirenatiirelledesanmmi.r sans vertcbres), in the 
introduction to which his theory is again touched upon. About this 
time he became totally blind. Fortune, in her jealousy, never 
favoured him. While his fortunate rival, Cuvier, rose to the highest 
point of scientific fame and prestige at Paris, the great Lamarck — 
far greater than Cuvier in tlie vastnesa of his s])eculations and his 
conception of Nature — had to struggle in solitude for the necessities 
of life. His laborious life ended, in circumstances of groat poverty, 
in 1829. 

[jamaroli’s PJuInsophip Zoohyujup^ was tlie first scientific attempt 
to sketch tlie real course of tho oiigin of s])ecies, the first “natural 
history of creation ” of plants, animals, and iulmi. But, as in the 
case of Wolff’s book, tliis remarkably aide work had no infiuence 
whatever; neither one nor tho otlior could obtain any leeognition 
from their prejudiced contomjioranes. No man of science was 
stinudated to take an interest in tlie work, and to diwi'loj) the germs 
it contained of tlie most iinjiortant Inologieal truths Tlie most 
distinguisliod hotanisis and zoologists enlireh reieeted it, and did 
not oven deign to reply to it. Ciuier, who lived and worki'd in the 
same city, has not thought fit to devote a single sn liable to this 
great aehievemont m Ins memoir on jirogress in tlie sciences, in 
which the pettiest observations found a place. In short, Lamarck’s 
Philosnphir Zoulinjique shared the fate of Wolffs iheor\ of dcwelop- 
mont, and was for lialf a century ignored and neglected. The 
German scientists, especial^ Oken and Goethe, who wore occupied 
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with similar speculations at the same time, seem to have known 
nothing about Lamarck’s work. If they had known it, they would 
have been greatly helped by it, and might have carried the theory of 
evolution much farther than they found it possible to do. 

To give an idea of the great importance of the Philosophie 
Zoologiqiie, I will briefly explain Lamarck’s leading thought. He 
held that there was no essential difference between living and lifeless 
beings. Nature is one united and connected system of phenomena ; 
and the forces which fashion the lifeless bodies are the only ones at 
work in the kingdom of living things. We have, therefore, to use 
the same method of investigation and explanation in both provinces. 
Life is only a physical phenomenon. All the plants and animals, 
with man at their head, are to be explained, in structure and life, by 
mechanical or efficient causes, without any appeal to final causes, 
just as in the case of minerals and other inorganic bodies. This 
applies equally to the origin of the various species We must not 
assume any original creation, or repeated creations (as in Cuvier’s 
theory), to explain this, but a natural, continuous, and necessary 
evolution. Tlie whole evolutionary process has been uninterrupted. 
All the different kinds of animals and plants which we see to-day, 
or that have ever lived, have descended in a natural way from 
earlier and different species ; all come from one common stock, or 
from a few common ancestors. These remote ancestors must have 
been quite simple organisms of the lowest type, arising by spon- 
taneous generation from inorganic matter. The succeeding species 
liave been constantly modified by adaptation to their varying 
environment (especially by use and habit), and have transmitted 
tlieir modifications to their successors by heredity. 

These are the chief outlines of Lamarck’s theory, which we now 
call tlio theory of descent or “ transformism,” and which was 
unrecognised till Dai win took it up and gave it fresh support fifty 
years later. Lamarck is the real founder of the theory of evolution, 
and it is incorroct to 8])eak of Darwin as its first champion. 
Lamarck was the first to formulate as a scientific theory the natural 
origin of living tilings, including man, and to push the theory to its 
extromo conclusions — the rise of the earliest organisms by spon- 
taneous generation (or abiogonosis) and the descent of man from the 
nearest related inaniiiial, the ape 

Lamarck sought to explain tins last point, which is of especial 
interest to us here, 1)> tlie same agencies which he found at work in 
the natural origin of tiie jilant and animal species. He considered 
use and habit (adaptation) on the one hand, and heredity on the 
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other, to be the chief of these agencies. The most important 
modifications of the organs of plants and animals are due, in his 
opinion, to the function of these very organs, or to the use or disuse 
of them. To give a few examples, the woodpecker and the humming- 
bird have got their peculiarly long tongues from the habit of extracting 
their food with their tongues from deep and narrow folds or canals ; 
the frog has developed the web between his toes by his own swim- 
ming , the giraffe has lengthened his neck by stretcliing up to the 
higher branches of trees, and so on. It is quite certain that this use 
or disuse of organs is a most important factor in organic development, 
but it is not sufficient to explain the origin of species. 

To adaptation we must add heredity as the second and not less 
important agency, as Lamarck perfectly recognised. He said that 
the modification of the organs m any one individual by use or disuse 
was alight, but that it was increased by accumulation in passing by 
heredity from generation to generation. But ho missed altogether 
the principle winch Darwin afterwards found to ho the chief factor 
in the theory of transformation — namely, the i)rinci])lo of natural 
selection in the strugglo for existence. It was i)artly owing to his 
failure to detect this sui>remelv important element, and partly to tlie 
poor condition of all biological science at the time, that Lamarck did 
not succeed in establishing more firmly his thoor> of tho common 
descent of man and tho otlier animals 

Lamarck tried to exiilain the descent of man fiom the ape chiefly 
by advance in the habits of tho ape, and by a jirogressive develoinncnt 
and use of its organs and tho transmission to ])osteritv of the modifi- 
cations tluis jiroducod. He considered the most important of these 
improvements to be man’s erect attitude, f.lu‘ modi tie, ation of the 
hands and feet, and tlie acipusition of spei'cli and aec'ompaiiMiig 
{levclopinent of the l>ram He believed that tlie imin-like ajK's, 
wliich wore man's ancestors, had taken the first, step towards 
luimanity when tlie\ ceased to climl) trees and began to walk erect. 
This led to the distinctue luiinan carriage, tlu' nnalitication of the 
veitebral column and the p(‘lvis, and tlie diffeientiation of tlie upjH'r 
and lowi'r limbs ; tlie upper limbs hecanu' hands, and w(‘U‘ used for 
grasping and touching things, whih' tlie lowtn- \\('r(‘ coniiin'd to 
locoinoti\e puiiioses, and became feet pure and simple 

As a ri'sult of this conijilete cliange of habits, and in \irtue of the 
correlation of the various organs and their functions, a numlx'r of 
other inodiflcations were caused Thus the change m diet led to a 
modification of the jaws and teeth, and therefore of the whole face 
Tho tail was no longer of any use, and it gradually ilisapjieareil, 
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And as these apes lived in troops and had regular family relations 
(as is the case to-day with the higher apes), the gregarious or social 
instincts were strongly developed. The simple sound-speech of the 
ape grew into the articulate speech of man ; abstract ideas were 
formed from the groups of concrete impressions. Thus step by step 
the brain advanced, and with it the larynx — the organ of mind 
simultaneously with the organ of speech. In these most interesting 
speculations of Lamarck we have the germs of a sound theory of the 
evolution of man. (Of. Packard.) 

Independently of Lamarck, the older German school of natm'al 
philosophy, especially Reinhold Treviranus, in his Biohgie (1802), 
and Lorentz Oken, in hi^Naturpkilosophie (1809), turned its attention 
to the problem of evolution about the end of the eighteenth and 
beginning of the nineteenth century. I have described its work in 
my Natural History of Creation (Chapter IV.). Here I can only 
deal with the brilliant genius whose evolutionary ideas are of special 
interest — the greatest of German poets, Wolfgang Goethe. With 
his keen eye for the beauties of nature, and his profound insight into 
its life, Goethe was early attracted to the study of various natural 
sciences. It was the favourite occupation of his leisure hours 
throughout life. He gave particular and protracted attention to the 
theory of colours. But the most valuable of his scientific studies 
are those which relate to that “living, glorious, precious thing,” the 
organism. He made profound research into the science of structures, 
or morjihology {viorpha—lovm^ . Here, with the aid of comparative 
anatomy, he obtained the most briUiant results, and went far in 
advance of his time. I may mention, in particular, his vertebral 
theory of tlie skull, his discovery of the pineal body in man, his 
system of tlie metamorphosis of plants, etc. These morphological 
studies led Goethe on to research into the formation and modification 
of organic structures, which we must count as the first germ of the 
science of evolution. He approaches so near to the theory of descent 
that w'o must regard him, after Lamarck, as one of its earliest 
founders It is true that he never formulated a complete scientific 
tlieory of evolution, but we find a number of remarkable suggestions 
of it in liis splendid miscellaneous essays on morphology. Some of 
them are really among the very basic ideas of the science of evolution. 
I will (luote here only one or two of the most remarkable passages : 
“ We liave got far enough, then, to say confidently that all the 
higher organic natures, in which w'e include the fishes, amphibia, 
birds, and mammals, with man at their head, are made after one 
primitive type, and this only oscillates a little to one side or other of 
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its steady features, and daily advances and is modified by repro- 
duction” (1796). This “primitive type,” on which even man is 
modelled, corresponds to our common ancestral form of the vertebrate 
stem, from which all the different species of Vertebrates have arisen 
by “ incessant formation, modification, and reproduction.” In 
another place Goethe says (1807): “When we compare plants and 
animals in their most rudimentai’y forms, it is almost impossible to 
distinguish between them. But we may say that the plants and 
animals, beginning with an almost inseparable closeness, gradually 
advance along two divergent lines, until the plant at last grows into 
the solid, enduring tree and the animal attains in man to the liighest 
degree of mobility and freedom.” 

That Goethe was not merely speaking in a j^oetical, hut in a 
literal genealogical, sense of this close affinity of organic forms is 
clear from other remarkable ])assages in whicli he treats of their 
variety in outw’ard form and unity in internal striicture. Ho believes 
that every living thing lias arisen by the interaction of two o])posing 
formative forces or impulses The internal or “centripetal” 
force, the type or “impulse to specification,” seeks to maintain the 
constancy of the specific forms in the succession of generations: this 
is hcrcditn. The external or “centrifugal” force, the element of 
variation or “ impulse to metamor])hosis,” is continually modifying 
the species by changing their environment : this is ntjaptittion. In 
these significant conceptions Goethe apiiroaclies very close to a 
recognition of tlic two great mechanical factors \\luch we now assign 
as the chief causes of tho formation of sjiecies. 

However, in order to ap])reciate Goethe’s views on moi'iiliology, 
ono must associate his decidedly monistic concejition of nature with 
his iiantheistic pliiloso[)h} . Tlie warm and keen interest with which 
ho follow'od, in liis last \ears, the controversic's of conteniiiorary 
French scientists, and esi)ecially tlie struggU' helvvt'tm Cuvier and 
Geoffrey Ht Hilaire (see Cliajiter IV of Tht‘ Xdfiintl Ilistan/ of 
(U(‘(tti07i), is very characteristic It is also necessary to he familiar 
with his st>le and general tenour of Ihouglit in order to appreciate 
eighth tlie many allusions to evolution found in his writings. 
Otherwise', one is apt to make serious errors 

111 a lectin e that I delivereil m 1S8'2 at tiie Congress of German 
scientists and iiiodical men at Kisenacli 1 made a rather full com- 
liarisoii of tlu' scu'ntific ideas of Darw'in, Goetlie, and Ijaiiiarck, and 
show'ed their inipoitunt heaving on the ])antlieistic plnlosopliv. In 
my opinion, these' tlire'e greatest figures in modern thought staiul on 
tlio common giounel of Monism, or the system which teaclies tlie 
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unity of the universe on scientific grounds. All held the belief in the 
unity of God and Nature which was defended by Giordano Bruno 
and Spinoza, and which Goethe expressed so nobly in his work on 
God and the World. We can understand, therefore, the lively interest 
which Goethe maintained till his last days in the highest questions 
of biology. The passages which I have quoted on the title-pages 
of the chapters in my Gemrelle Morpkologie show how firm a grasp 
he had of the intimate genetic relation of all organic forms. He 
approached so close, at the end of the eighteenth century, to the 
principles of the science of evolution that he may well be described 
as the first forerunner of Darwin, although he did not go so far as 
to formulate evolution as a scientific system, as Lamarck did. 



CHAPTER V. 


THE MODEEN SCIENCE OE EVOLUTION ' 

Relation of modem to the older phylogeny Darwin’s Orujin of Spech\’i. Causes 
of its extraordinary success. The theory of selection ; the play of heredity 
and adaptation in tho struggle for life. Darwin’s life. His voyage round the 
world. His grandfather Erasmus His study of domestic animals and 
cultivated plants. Comparison of artificial and natural selection. The 
struggle for life. The inevitable application of the theory of descent to man. 
The Descent of Man. Thomas Huxley. Carl Vogt. Friedrich Rolle Tho 
ancestral tree in the Generelle Moiphologie and the Xatural Historn of 
Creation. The genealogical alternative. The descent of man from the ape 
as a necessary deduction from tho general theors of evolution. The theory of 
evolution as the chief inductive law of biology. Grounds of the induction. 
Paleontology Comparative anatom>. The science of rudimentary organs 
(dystoloology). Genealogical tree of the natural theor\. Chorology. 
(Ecology. Ontogeny. Defeat of the dogmatic idea of species. The analytic 
proof of the theory of descent in iXm Monogi aphie dei Kalhschwumme. The 
position of modern aiitliroiH)log% . 

We owe so inucli of tho progress of scientific knowledge to Darwin’s 
Orujin of Species tliat its influence is almost without parallel in the 
history of science. Tlio literatuio of Darwinism grows from day to 
day, not only on tlie side of academic xoi>log\ and botany, tlie 
sciences which were chicfi> affected 1)> Darwin’s theorj,, hut in a 
far w'idor circle, so that we find Darwinism discussed in popular 
literature with a Mgour aiul zest that aie gueii to no other scientific 
conception This remarkahle. success is due chudK to two circum- 
stances In the fiist place, all the sciences, and especialK l)iolog>, 
have made astounding piogress in tlu* last hall-ciMitur\ , and have 
fuinished avast <iuantity of proofs ol the t!u‘or\ of iwohition. In 
sti iking contrast to tlie failure ol Lamarck <ind tlii' oldi‘r sciiMitists 
to attiact attention to theii effort to explain thi‘ oiigin of liMiig 
things and of man, we haxe this second and successful I'lfort of 
Dai win, which was able to gather to its suppoiL a large numher of 
estahlislied lads .\vaihng himself of tho jirogress ah-ead> made, ho 
had vorv different sciontific proofs to allego than Lamarck, or St. 

* Seu I’lodd's Ptiim-i’rs of Hi'Dlutiim , Darwin’s Ornnn ut Hiircifit, of Life 

ami Iji'ttfit., t'U* , Wiillaf«-’s Dttrmnt'.m , Ua«-L'kt‘rs Nutiintl flt'ilon/ of ('rraiioii and 
liahJlt- of tin- Ontiv) sr 
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Hilaire, or Goethe, or Treviranus had had. But, in the second 
place, we must acknowledge that Darwin had the special distinction 
of approaching the subject from an entirely new side, and of basing 
the theory of descent on a consistent system, which now goes by 
the name of Darwinism. 

Lamarck had unsuccessfully attempted to explain the modifi- 
cation of organisms that descend from a common form chiefly by 
the action of habit and the use of organs, though with the aid of 
heredity. But Darwin’s success was complete when he indepen- 
dently sought to give a mechanical explanation, on a quite new 
ground, of this modification of plant and animal structures by 
adaptation and heredity. He was impelled to his theory of selection 
on the following grounds. He compared the origin of the various 
kinds of animals and plants which we modify artificially — ^by the 
action of artificial seleccion in horticulture and among domestic 
animals — with the origin of the species of animals and plants in 
their natural state. He then found that the agencies which we 
employ in the modification of forms by artificial selection are also at 
work in Natui-e. The chief of these agencies he held to be “the 
struggle for life.” The gist of this peculiarly Darwinian idea is given 
in this formula : Tlie struggle for existence produces new species 
without premeditated design in the life of Nature, in the same way 
that the wdll of man consciously selects new races in artificial 
conditions. The gardener or the farmer selects new forms as he 
wills for his own profit, by ingeniously using the agency of heredity 
and adaptation for the modification of structures ; so, in the natm'al 
state, the struggle for life is always unconsciously modifying the 
various species of living things This struggle for life, or competition 
of organisms in securing the means of subsistence, acts without any 
conscious design, but it is none the less effective in modifying 
structures. As lieredity and adaptation enter into the closest 
recijirocal action under its influence, new structures, or alterations 
of structure, are produced ; and these are purposive in tlie sense that 
they serve tlie organism when formed, but they were produced 
without any pre-coneeived aim. 

This simple idea is the central thought of Darwinism, or the 
theory of selection. Darwin conceived this idea at an early date, 
and then, lor more than twenty years, worked at the collection of 
empirical evitlence in support of it before he published his theory. 
I have described the chief features of his method, his life, and his 
writings in my Nut a ml 11 tutor ij of Creation The ample biography, 
in three volumes, jiublisiied by liis son, Francis Darwin, m 1887, 
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gives full information about him. Here I will only refer to some 
of the salient points. Charles Darwin was born on February 12th, 
1809, at Shrewsbury, where his father, Robert Darwin, had a medical 
practice. His grandfather, Erasmus Darwin, was an able scientist 
of the older school of natural philosophy, who published a number 
of natural-philosophic works about the end of the eighteenth century. 
The most important of them is his Zoonomia, published in 1794, in 
which he expounds views similar to those of Goethe and Lamarck, 
without, however, knowing anything of the work of these con- 
temporaries. By the law of latent heredity, or “ atavism,” Erasmus 
Darwin transmitted a part of his ability to his gi*andson Charles, 
though no trace of it is found in his son Robert. This is a very 
interesting case of atavism, a process which Charles Darwin himself 
treated so admirably. However, in the writings of the grandfather 
the plastic imagination rather outran the judgment, while in Charles 
Darwin the two were better balanced. As many narrow-minded 
scientists of our own day regard the imagination as supei*fluous in 
biology, and think their lack of it a gi*eat advantage in tlie way of 
“exactness,” it is interesting to call attention to a striking saying of 
a gifted man of science who was himself one of the founders of the 
“exact ” or strictly empirical school. Johannes Muller, the German 
Cuvier, whose works will ever remain a model of accurate researcli, 
declared that a constant interaction and harmonious adjustment of 
the imagination and the intellect was an indispensable condition for 
making great discoveries. 

Charles Darwin was fortunate enougli to take part in a scientific 
expedition at the close of his university career in his twenty-second 
year. This lasted five years, and greatly stimulated him and enriched 
his fund of knowledge. At the very beginning of it, as soon as he 
landed m America, he was attracted by a numlier of phenomena 
wliicli suggested the chief problem of his life — tho (luestion of the 
origin of species. Tho instructive facts of tlie goograiihical distribu- 
tion of species, on tlie one hand, and the relation of living to dead 
species of the same locality on the other, proinjited him to surmise 
that closely-related species must have descended from a cuinmon 
stem-form. Then, at the close of his voyage, when he devoted 
liimself for a year with great vigour to the s>stematiG study of 
domestic animals and garden plants, he noticed the obvious 
analogies in structures between them and tho corrospondmg species 
in the wild state But he did not come to conceive tho chief point 
of his theory, natural selection through the struggle for life, until he 
read Malthus’s famous Hhhuu on Population. He then saw clearly 
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the analogy between the relations of population and over-population 
in civilised communities and the mutual relations of animals and 
plants in a natm'al state. For many years he collected material to 
give a massive support to his theory. At the same time, he made a 
number of experiments himself in artificial selection, and gave 
special attention to the action of selection on tame pigeons. The 
quietness of his life on his estate at Down, near Beckenham, gave 
him requisite leisure. He died there on April 19th, 1882, working 
assiduously until death at the establishment of his epoch-making 
theory by new discoveries. 

Darwin did not publish any account of his theory until 1858, 
when Alfred Russel Wallace, who had independently reached the 
same theory of selection, published his own work. In the following 
year appeared The Origin of Species, in which he develops it at 
length and supports it with a mass of proof. As I have given my 
opinion on it fully in my G&nerelle Morphologie and Natural JSistory 
of Creation, I need not stay to do so here, and will only add a word 
on the essence of the Darwinian theory, on the understanding of 
which all the rest depends. This is the simple principle that the 
struggle for life modifies living things in the natural condition, and 
produces new species, through the same agencies which man employs 
in artificially forming new varieties of animals and plants. These 
agencies virtually exercise a selection among the individuals brought 
into existence, heredity and adaptation acting together throughout 
as the chief plastic forces.^ 

Darwin’s younger contemporary, Alfred Russel Wallace, the 
famous traveller, had reached the same conclusion. But he had not 
so clear a perception as Darwin of the effectiveness of natural 
selection in forming species, and did not develop the theory so fully. 
Nevertlieless, Wallace’s writings, especially those on mimicry, etc., 
and an admirable work on The Geographical Distribution of Aimiials, 
contain many fine original contributions to the theory of selection. 
Unfortunately, tliis gifted scientist has since devoted himself to 
spiritism. 

Ji)arwin’s Origin of Species had an extraordinary influence, 
though not at first on the experts of the science. It took zoologists 
and botanists several years to recover from the astonishment into 
wliich they had been thrown through the revolutionary idea of the 
work. But its influence on the special sciences with which we 


1 Dai-win and Wallace avi'ived at the tlieoiv independentlv. Fidf Wallace’s Conirihu- 
iioiift to the Tlwori/ of Natural Selection (1870) and Uarmntsm (1891). 
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zoologists and botanists are concerned has increased from year to 
year ; it has introduced a most healthy fermentation in every branch 
of biology, especially in comparative anatomy and ontogeny, and in 
zoological and botanical classification. In this way it has brought 
about almost a revolution in the prevailing views. 

However, the point which chiefly concerns us here — the extension 
of the theory to man — was not touched at all in Darwin’s first work 
in 1859. It was believed for several years that he had no thought 
of applying his principles to man, but that he shared the cun'ent 
idea of man holding a special position in the universe. Not only 
ignorant laymen (especially several theologians), but also a number 
of men of science, said very naively that Darwinism in itself was not 
to be opposed ; that it was quite right to use it to explain the origin 
of tlie various species of plants and animals, but that it was totally 
inapplicable to man. 

In the meantime, however, it seemed to a good many thoughtful 
people, laymen as well as scientists, that this was m’ong ; that the 
descent of man from some other animal species, and immediately 
from some ape-like mammal, followed logically and necessarily from 
Darwin’s reformed tlieory of evolution. Many of the acuter 
opponents of the tlieory saw at once the justice of this position, and, 
as this consequence was intolerable, they wanted to get rid of the 
whole theory. 

The first scientific application of tlie Darwinian theory to man 
was made by Huxley, the greatest zoologist in England. This able 
and learned scientist, to whom zoology owes miioli of its progi'ess, 
published in 1863 a small work entitled Kcidence ((n to Mun'.'i Place 
in Nature, In the extremely important and mtevesting lectures 
which made up this work he proved clearh' that tiio descent of man 
from the ape followed necessarily from the theory of descent. If 
that theory is true, we are bound to conceive the animals which 
most closely resemlile man as those from winch luimanitv has been 
gradually evolved. Aliout the same time Carl Vogt jjuhlished a 
larger work on tlie same subject — Vorle.sumjen iiher den meunchen, 
sente Slelhtmj in dei Hchoptutm iind in der ({escludtte der Krde Wo 
must also mention Oiistav Jaeger and Fiiedrich Hollo among the 
zoologists who accepted and tauglit the theory of evolution imme- 
diately after the jiublication of Darwin’s liook, and maintained that 
the descent of man from the lower animals logically followed from 
it. Tlie latter published, in 1866, a work on the origin and position 
of man. 

About the same time I attempted, in the Second Volume of my 
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Generelle Morpholooie der Oryanismen (1866), to apply tlie tlieoiy of 
evolution to the whole organic kingdom, including man/ I 
endeavom’ed to sketch the probable ancestral trees of the various 
classes of the animal world, the protists, and the plants, as it seemed 
necessary to do on Darwinian principles, and as we can actually do 
now with a high degree of confidence. If the theory of descent 
which Lamarck first clearly formulated and Darwin thoroughly 
established is true, we seem to be able to draw up a natural classifi- 
cation of plants and animals in the light of their genealogy, and to 
conceive the large and small divisions of the system as the branches 
and twigs of an ancestral tree. The eight genealogical tables which 
I inserted in the Second Volume of the Generelle Morpliologie are the 
first sketches of their kind. In the Twenty-seventh Chapter, 
particularly, I trace the chief stages in man's ancestry, as far as it 
is possible to follow it through the vertebrate stem. I tried especially 
to determine, as well as one could at that time, the position of man 
in the classification of the Mammals and its genealogical significance. 
I have greatly improved this attempt, and treated it in a more 
popular form, in Chapters XXVI.-XXVIII. of my Natural History 
of Creation (1868). 

It was not until 1871, twelve years after the appearance of The 
Origin of Species, that Darwin published the famous work which 
made the much-contested application of his theory to man, and 
crowned the splendid structure of his system. This important work 
was The Descent of Man, aiuJ Selection in Belation to Sex. In this 
Darwin expressly drew the conclusion, with rigorous logic, that man 
also must have been developed out of lower species, and described 
the important part played by sexual selection in the elevation of 
man and the other higher animals. He showed that the careful 
selection which the sexes exercise on each other in regard to sexual 
relations and procreation, and the aesthetic feeling which the higher 
animals develop through this, are of the utmost importance in the 
progressive development of forms and the differentiation of the 
sexes. The males choosing the handsomest females in one class of 
animals, and the females choosing only the finest-looking males in 
anotlier, the special features and the sexual characteristics are 
increasingly accentuated. In fact, some of the higher animals 
develop in this connection a finer taste and less prejudiced judgment 
than man liimself. But, even as regards man, it is to this sexual 

1 Huxlev spoko of tins as “one oi the greatest scientific works ever published Tit vns. 

2 Ot which Dai win said that the Descent of Mnn would probably nevei have been 
written if ho had seen it earlier.— Tuans 



68 THE MODEEN SCIENCE OF EVOLUTION 

selection that we owe the family-life, which is tlie chief foundation 
of civilisation. The rise of the hmnan race is due for the most part 
to the advanced sexual selection which om* ancestors exercised in 
choosing their mates. (Of. the Eleventh Chapter of the Natural 
History of Creation and the Second Volume of the Generelle Morpho- 
logie.) 

Darwin accepted in the main the general outlines of man’s 
ancestral tree, as I gave it in the Generelle Morphologic and the 
Natural History of Creation, and admitted that his studies led him 
to the same conclusion. That he did not at once apply the theory 
to man in his first work was a commendable piece of discretion ; 
such a sequel was bound to excite the strongest opposition to the 
whole theoiy. The first thing to do was to establisli it as regards 
the animal and plant worlds. The subsequent extension to man 
was bound to be made sooner or later. 

It is important to understand this very clearly. If all living 
things come from a common root, man must be included in the 
general scheme of evolution. On the other hand, if the various 
species were separately created, man, too, must liave been created, 
and not evolved. We liave to choose between these two alternatives. 
This cannot be too frequently or too strongly empliasised. Either 
all the species of animals and idants are of supernatural origin — 
created, not evolved — and in that case man also is the outcome of a 
creative act, as theology teaclies , or the different species liave been 
evolved from a few common, simple ancestral forms, and in that 
case man is tlie highest fruit of tlie tree of evolution. 

We may state this Imeflv in the following principle : — The 
descent of nuiii from the lower animiils is a special deduction irJiich 
inecitahlij /allows /lom the general indiiclu'e law of the adialc theory 
qt evolution. In tliis princiide we liave a clear and ]>lain statement 
of the matter. Evolution is in lealitv nothing but a great induction, 
which we are comjielled to make by the comparati\e study of the 
most important facts of moriihology and ph>siology. But we must 
draw' our conclusion according to the laws of induction, and not 
attempt to determine scientific truths h> direct measurement and 
mathematical calculation. In the study of living things W'e can 
scarcely' ever directly and fully, and with mathematical accuracy, 
determine the nature of phenomena, as is done in the simpler study 
of the inorganic world — in chemistry, physics, mineralogy, and 
astronomy. In the latter, especially, W'o can always use the simplest 
and absolutely safest method — that of mathematical determination. 
But in biology this is quite impossible for various reasons , one very 
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obvious reason being that most of the facts of the science are veiy 
complicated and much too intricate to allow a direct mathematical 
analysis. The greater pa^t of the phenomena that biology deals 
with are complicated historical processes, which are related to a far- 
reaching past, and as a rule can only be approximately estimated. 
Hence we have to proceed by uidiictum — ^that is to say, to draw 
general conclusions, stage by stage, and -with proportionate confi- 
dence, from the accumulation of detailed observations. These 
inductive conclusions cannot command absolute confidence, like 
mathematical axioms; but they approach the truth, and gain 
increasing probability, in proportion as we extend the basis of 
observed facts on which we build. The importance of these 
inductive laws is not diminished from the circumstance that they 
are looked upon merely as temporary acquisitions of science, and 
may be improved to any extent in the progress of scientific know- 
ledge. The same may be said of the attainments of many other 
sciences, such as geology or archeology. However much they may 
be altered and improved in detail in the course of time, these 
inductive tiniths may retain their substance unchanged. 

Now, when we say that the theory of evolution in the sense of 
Lamarck and Darwin is an inductive law — in fact, the greatest of 
all biological inductions — we rely, in the first place, on the facts of 
paleontology. This science gives us some direct acquaintance with 
tho historical phenomena of the changes of species. Prom the 
situations m which we find the fossils in the various strata of the 
earth we gather confidently, in the first place, that the hving 
population of tlie earth has been gradually developed, as clearly as 
the earth’s crust itself , and that, in the second place, several 
different populations liave succeeded each other in the various 
geological pciiods. Modern goology teaches that the formation of 
the oartli lias been gradual, and unliroken by any violent revolutions. 
And when we compare together tlie various kinds of animals and 
plants wliich succeeil each other in the history of our planet, we 
find, in the first place, a constant and gradual increase in the 
number of species from tho earliest times until the present day ; 
and, in tho second jilace, we notice that the forms m each gi*eat 
group of animals and ])lants also constantly improve as the ages 
advance. Thus, of tho Vertebrates tiiere are at first only the lower 
fishes , then conio tho liigher fishes, and later the amphibia Still 
later appear the throe Inglior classes of Vertebrates — the reptiles, 
birds, and inaniimils, for tho first tune, only the lowest anil least 
perfect forms of tlio mammals arc found at first ; and it is only at a 
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very late period that placental mammals appear, and man belongs to 
the latest and youngest branch of these. Thus perfection of form 
increases as well as variety from the earliest to the latest stage. 
That is a fact of the greatest importance. It can only be explained 
by the theory of evolution, with which it is in perfect harmony. If 
the different groups of plants and animals do really descend from 
each other, we must expect to find this increase in their number and 
perfection under the influence of natural selection, just as the 
succession of fossils actually discloses it to us. 

Comparative anatomy furnishes a second series of facts which 
are of great importance for the forming of our inductive law. This 
branch of morphology compares the adult structures of living things, 
and seeks in the great variety of organic forms tlie stable and simple 
law of organisation, or the common type or structure. Since Cuvier 
founded this science at the beginning of the nineteentli century it 
has been a favourite study of the most distinguished scientists. 
Even before Cuvier’s time Goethe had been gi'eatly stimulated by it, 
and induced to take up the study of morphology Comparative 
osteology, or the philosophic study and comparison of the bony 
skeleton of the Vertebrates — one of its most interesting sections — 
especially fascinated him, and led him to form tlie theory of the skull 
which I mentioned before. Comparative anatomy shows tliat the 
internal structure of the animals of each stem and the plants of 
each class is the same in its essential features, liowevor much they 
differ in external appearance. Thus man has so groat a resemblance 
in the cliief features of his internal organisation to tho other mammals 
that no comparative anatomist has ever doubted tliat he belongs to 
this class. The wliole internal structure of tho human hoily, tho 
arrangement of tho various systems of organs, the distrihution of tho 
hones, muscles, hlood-veasels, etc., and tho whole structure of these 
organs on the larger and the finer scale, agree so closely with those 
of the other mammals (such as tlio apes, rodents, ungulates, cetacea, 
marsupials, etc) that their external differences are of no account 
wliatever. Wo learn further from comparative anatomy that the 
chief features of animal structure are so similar in tho various classes 
(fifty to sixty in number altogether) that they may all he conijirised 
in from eight lo twelve great groups But even in these groiijis, tho 
stem-forms or animal t>'])es, certain organs (espociallv tho alimentary 
canal) can ho proved to have been originally tho same for all. Wc 
can only explain by the theory of evolution this essential unity in 
internal structure of all these animal forms that differ so much in 
outward ajipearance This wonderful fact can only he rt^adily under- 
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stood and explained when we regard the internal resemblance as an 
inheritance from common-stem forms, and the external differences 
as the effect of adaptation to different environments. 

In recognising this, comparative anatomy has itself advanced to 
a higher stage. Gegenbaur, the most distinguished of living students 
of this science, says that with the theory of evolution a new period 
began in comparative anatomy, and that the theory in tmm found a 
touchstone in the science. “ Up to now there is no fact in com- 
parative anatomy that is inconsistent with the theory of evolution ; 
indeed, they all lead to it. In this way the theory receives back 
from the science all the service it rendered to its method.” Until 
then students had marvelled at the wonderful resemblance of living 
things in their inner structure without being able to explain it. We 
are now in a position to explain the causes of this, by showing that 
this remarkable agreement is the necessary consequence of the 
inheriting of common stem-forms; while the striking difference in 
outward appearance is a result of adaptation to changes of environ- 
ment. Heredity and adaptation alone furnish the true explanation. 

But one special part of comparative anatomy is of supreme 
interest and of the utmost philosophic importance in this connection. 
This is tlie science of rudimentary (vestigial) or useless organs ; I 
have given it the name of “ dysteleology ” in view of its philosophic 
consequences. Nearly every organism (apart from the very lowest), 
and especially every highly-developed animal or plant, including man, 
has one or more organs which are of no use to the body itself, and 
have no share in its functions or vital aims. Thus we all have, in 
various parts of our frame, muscles which we never use, as, for 
instance, in the shell of the ear and adjoining parts In most of the 
Mammals, especially those with pointed ears, these internal and 
external oar-rausolos are of gi'eat service in altering the shell of the 
oar, so as to catch the waves of sound as inucli as possible. But in 
the case of man and other short-eared Mammals these muscles are 
useless, thougli they are still jiresent. Our ancestors having long 
abandoned the use of them, we cannot work them at all to-day. In 
tlie inner corner of the eye we have a small crescent-shaped fold of 
skin ; this is tho last relic of a third inner eye-lid, called the nictitating 
(winking) membrane. This membrane is highly developed and of 
great service in some of our distant relations, such as fishes of the 
shark type and several other Vertebrates , in us it is shrunken and 
useless. In the intestines we have a process that is not only quite 
useless, but may Ije very harmful — the vermiform appendage. This 
small intestinal a]ipendage is often the cause of a fatal illness. If a 
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cherry-stone or other hard body is unfortunately squeezed through 
its narrow aperture during digestion, a violent inflammation is set 
up, and often proves fatal. This appendix has no use whatever now 
in our frame; it is a dangerous relic of an organ that was much 
larger and was of great service in our vegetarian ancestors. It is 
still large and important in many vegetarian animals, such as the 
apes and the ungulates. 

There are similar rudimentary organs in all parts of our body, 
and in all the higher animals. They are among the most interesting 
phenomena to which comparative anatomy introduces us ; partly 
because they furnish one of the clearest proofs of evolution, and 
partly because they most strikingly refute the teleology of certain 
philosophers. The theory of evolution enables us to give a very 
simple explanation of these phenomena. 

We have to look on them as organs which have fallen into disuse 
in the comrse of many generations. With the decrease in the use of 
its function, the organ itself shrivels up gradually, and finally dis- 
appears. There is no other way of explaining rudimentary organs. 
Hence they are also of gi’eat interest in philosophy ; they show 
clearly that the monistic or mechanical view of the organism is the 
only correct one, and that the duahstic or teleological conception is 
wrong. The ancient legend of the direct creation of man according 
to a pre-conceived plan and the empty phrases about “ design ” in 
the organism are completely sliattered l)y them. It would lie difticult 
to conceive a more thorougli refutation of teleology than is furnished 
by the fact that all the higher animals liave these riulimontary 
organs. 

Moreover, in the light of these facts of dystolcology, wo see tlio 
hollowness of the phrases about a “moral govornmont of the workl.” 
No one but a learned idealist or a well-meaning optimist who sluits 
his eyes to facts can speak to-day of such a “moial order" There 
is, unfortunately, no more trace of it in nature than in human life — 
no more in natural liistory than in the hi.story of civilisation A 
grim and ceaseless struggle for life is the real mainspring of the 
purposeless drama of the world’s history. We can onl> see a “ moral 
Older” and “design” in it when we ignore the triumph of immoral 
force and the aimless features of tlie organism. Might goes lieforo 
riglit as long as organic life exists. 

The theory of evolution finds its broadest inductive foundation 
in tlio natural classification of living things, which arranges all the 
various forms in larger and smaller groups, according to their degree of 
affinity. These groupings or categories of classification — the varieties, 
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species, genera, families, orders, classes, etc. — show such constant 
features of co-ordination and subordination that we are bound to 
look on them as genealogical, and represent the whole system in the 
form of a branching tree. This is the genealogical tree of the 
variously related groups ; their likeness in form is the expression of 
a real affinity. As it is impossible to explain in any other way the 
natural tree-like form of the system of organisms, we must regard it 
at once as a weighty proof of the truth of evolution. The careful 
construction of these genealogical trees is, therefore, not an amuse- 
ment, but the chief task of modem classification. 

Among the chief phenomena that bear witness to the inductive 
law of evolution we have the geographical distribution of the various 
species of animals and plants over the surface of the earth, and their 
topographical distribution on the summits of mountains and in the 
depths of the ocean. The scientific study of these features — the 
“ science of distribution,” or chorology {cliora=&, place) — has been 
pm’sued with lively interest since the discoveries made by Alexander 
von Humboldt. Until Darwin’s time the work was confined to the 
determination of the facts of the science, and chiefly aimed at settling 
the spheres of distribution of the existing large and small groups of 
living things. It was impossible at that time to explain the causes 
of this remarkaljle distribution, or the reasons why one group is 
found only in one locality and another in a different place, and why 
there is this manifold distribution at all. Here, again, the theory of 
evolution lias given us the solution of the problem. It fm-nishes the 
only possible explanation when it teaches that the various species 
and groups of species descend from common stem-forms, whose ever- 
branching offs]ning have gradually spread themselves by migi'ation 
over tlio earth. For each group or species w'e must admit a “ centre 
of production,” or common home; this is the original habitat in 
which tho ancestral form was developed, and from which its 
descendants spread out in every direction. Several of these 
descendants liocamo in their turn the stem-forms for new groups of 
s])ecies, and these also scattered themselves by active and passive 
migration, and so on. As each migrating organism found a different 
environniLMit m its now home, and adapted itself to it, it was 
modified, and gave lise to new' forms. 

Tins very important branch of science that deals with active and 
liassivo migration was founded by Darwin, with the aid of the theory 
of evolution ; and at the same time he advanced the true explanation 
of the reinarkahle churological relation of the living population in 
any locality to tho fossil forms found in it. Moritz Wagner very 
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ably developed his idea under the title of “ the theory of migration.” 
In my opinion, this famous traveller has ratlier over-estimated the 
value of his theory of migration when ho takes it to be an indis- 
pensable condition of the formation of now species and opposes the 
theory of selection. The two theories arc not opposed in their main 
features. Migration (by which the stem -form of a new species is 
isolated) is really only a special case of selection. The striking and 
interesting facts of chorology can only bo ex 2 >lained by the theory of 
evolution, and therefore wo must count them among the most 
important of its inductive bases. 

The same must bo said of all the remarkable phenomena which 
we perceive in tlie economy of the living organism. The many and 
various relations of plants and animals to each otlier and to their 
environment, which are treated in hionomij (the (vcolomi or ethology 
of organisms, from nomofi, law or norm, and hios, life), tlie interesting 
facts of parasitism, domesticity, care of the. young, social habits, etc., 
can be explained only by the action of heredity and adaptation. 
Formerly people saw only tho guidance of a henettcont Providence in 
these phenomena ; to-day we discover in them admirable proofs of 
the theory of evolution. It is imi)ossible to understand them except 
in the light of this theory and tho struggle for life 

Finally, we must, in my o])inion, count among tho chief inductive 
bases of the theory of evolution the fintal tlovelo])ment of the 
individual organism, the wliolo science of eni])ryology or ontogeny. 
But, as the later Chapters will deal with this in detail, I need say 
nothing fiirtlier here. I shall endeavour in tlie following ])ages to 
show, stop hy step, how tlie whole of the enihrsonic i)henoniena form 
a massive chain of jiroof for the theory of e\olution , for tlu’> can ho 
explained in no other w’a>. In thus appealing to the close causal 
connection between ontogenesis and i)li>l<)genesis, and taking our 
stand througliout on the hiogenetic law, w'e sliall ho alile. to jirove, 
stage by stage, from tlie facts of cmhrvc)log> , tho evolution of man 
from the low'er animals. 

The general adoption of the tlieorv of evolution lias defimtoly 
closed tho controversy as to tlie natiiie or definition of the sjiccies. 
This (piestion had received a great variet> of answers during the last 
century, but no satisfactory result had been reached Thousands of 
botanists and zoologists w'ere engaged daily in the classification and 
description of species, but they made no progress Many hundreds 
of thousands of animal and plant groups were declared to be “real 
species,” wdtliout the authors being able to give any ])roof or logical 
^ustitication of their divisions. There w^ere endless controversies 
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between the classifiers as to whether the group in question was a 
true or false species, a species or a variety, a sub-species or a race, 
though they had never asked themselves the real meaning of these 
terms. If they had striven to be clear on this point, they would 
have seen long ago that the words have no absolute meaning 
whatever, but are only group-names, or categories of classification, 
with a purely relative value. 

In 1857, it is true, a famous and gifted, but inaccurate and 
dogmatic, scientist, Louis Agassiz, attempted to give an absolute 
value to these “ categories of classification.” He did this in his 
Essay on Glassification, in which he turns upside down the pheno- 
mena of organic nature, and, instead of tracing them to their natm'al 
causes, examines them through a theological prism. The true 
species {bona sjiecies) was, he said, an “ incarnate idea of the 
Creator.” Unfortunately, this jiretty phrase has no more scientific 
value than all the other attempts to save the absolute or intrinsic 
value of the species. I believe I have shown this clearly enough in 
the exhaustive criticism of the morphological and physiological idea 
of the species and the categories of classification which I gave in my 
G-enerelle Morphologie (Band II., SS. 323-402). Agassiz’s “Creator ” 
is an idealised man, an imaginative architect, who is ever planning 
and producing new species. (See also the Third Chapter of the 
Natural History of Creation) 

The dogma of the fixity and creation of species lost its last great 
champion when Agassiz died in 1873. The opposite theory, that all 
the different species descend from common stem-forms, encounters 
no serious difficulty to-day. All the endless research into the nature 
of tlie species, and the possibility of several species descending from 
a common ancestor, lias been closed to-day by the removal of the 
sharp limits that had been set up between species and varieties on 
the one hand, and species and genera on the other. I gave an 
analytic proof of this in my Monoyraph on the Sponges (1872), having 
made a very close study of variability in this small but highly 
instructive group, and shown the impossibility of making any 
dogmatic distinction of species According as tlie classifier takes 
his ideas of genus, siiecies, and variety in a broader or in a narrower 
sense, he will find in the small group of the sponges either one genus 
witli three species, or three genera with 238 species, or 113 genera 
with 591 species. Moreover, all these forms are so connected by 
intermediate forms that we can convincingly prove the descent of all 
the sponges from a common stem-form, the Olynthus. 

Here, I think, I have given an analytic solution of the problem 
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of the origin of species, and so met the demand of certain opponents 
of evolution for an actual instance of descent from a stem-form. 
Those who are not satisfied with the synthetic proofs of the theory of 
evolution which are provided by comparative anatomy, embryology, 
paleontology, dysteleology, chorolog>', and classification, may try to 
refute the analytic proof given in my treatise on the sponge, the 
outcome of five years of assiduous study. I repeat : It is now 
impossible to oppose evolution on the ground that we have no 
convincing example of the descent of all the species of a group from 
a common ancestor. The Monograph on the Sponges furnishes such 
a proof, and, in my opinion, an indisputable proof. Any man of 
science who will follow the protracted steps of my inquiry and test 
my assertions will find that in the case of the sponges we can follow 
the actual evolution of species, m statu nascenti. And if this is so, 
if we can show the origin of all the species from a common form in 
one single class, we have the solution of the problem of man’s origin, 
because we are in a position to prove clearly liis descent from the 
lower animals. 

At the same time, we can now reply to tlio often-repeated 
assertion, even heard fi’oin scientists of our own day, tliat the descent 
of man from the lower animals, and i)roxiniatelv from the apes, still 
needs to be “proved with certainty.” These “certain proofs” have 
been available for a long time ; one has only to open one’s eyes to 
see them. It is a mistake to seek them in tlie discovery of inter- 
mediate forms between man and the a])0, or the conversion of an 
ape into a human being by skilful education The proofs lie in the 
great mass of empirical material we have already collected. They 
are furnished in tlie strongest form by the data of comi)arative 
anatomy and embryology, comjileted bv ])aleontology It is not a 
question now of detecting now ])roofs of tlie evolution of man, hut 
of examining and understanding tlie jiroofs ^^e ah'ead> have. 

It seems especiallv urgent to refer to-tlay to these various 
sources of iiliylogeny, and iiomt out how tlu'y confirm each other, 
because tlie growth of siiecialism in ever> brancli of hiologN and tlie 
enormous accumulation of fresh observations m detail have led to a 
certain amount of narrowness in apiireciatmg them Many modern 
embryologists occupy themselves with the apiilication of tlieir 
improved methods to the detailed study of minute sections of the 
embryo and tlie mechanical analysis of them, and fail to keej) m 
view the entire organism and its mqiortant relations to others of the 
same stem, as shown in comparative anatomy and classification. 
Many of the misleading theories of tliis modern mechanical 
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eml)ryology would never have been formulated if their authors had been 
acquainted with the relevant facts of paleontology. On the other hand, 
however, most of the paleontologists are ignorant of the most important 
results of comparative embryology, and so fail to appreciate the 
value of the biogenetic law. However important it is to determine 
the facts of paleontology accurately, their evolutionary significance 
cannot be properly appraised without the aid of comparative anatomy 
and ontogeny. At the same time, workers in these latter sciences 
must never lose touch with the results of paleontology. Comparative 
anatomists will reach no satisfactory result if they seek to determine 
the homologies and affinities of animal forms merely by a comparison 
of living species, without any regard to their extinct ancestors. The 
distinguished New York paleontologist, Henry Osborn, has recently 
laid stress on the wisdom of basing the science of evolution on a 
comprehensive use of all the three som*ces of evidence. Our science 
requires these three supports as much as the stool needs its three 
legs. 

I was almost alone thirty-six years ago when I made the first 
attempt, in my Generelle MorpJtologie, to put organic morphology on 
a mechanical foundation through Darwin’s theory of descent. The 
association of ontogeny and phylogeny and the proof of the intimate 
causal connection between these two sections of the science of evolu- 
tion, which I expounded in my work, met with the most spirited 
opposition on nearly all sides. The next ten years saw a terrible 
“ struggle for life ” for the new theory. But for the last twenty-five 
years the tables have been turned. The phylogenetic method has 
met with so general a reception, and found so prolific a use in every 
branch of biology, that it seems superfluous to treat any further here 
of its validity and results. The proof of it lies in the whole morpho- 
logical literature of the last three decades. But no other science 
lias been so profoundly modified in its leading thoughts by this 
adoption, and been forced to yield such far-reaching consequences, 
as that science which I am now seeking to establish — monistic 
anthropogeny. 

Tins statement may seem to be rather audacious, since the very 
next branch of biology, anthropology in the stricter sense, makes 
very little use of these results of anthropogeny, and sometimes 
expressly opposes them. This applies especially to the attitude 
which has characterised the German Anthropological Society (the 
Deutsche Geselhchaft far Anthropologie) for some thirty years. Its 
powerful president, the famous pathologist, Rudolph Virchow, is 
chiefly responsible for this. Until his death (September 5th, 1902) 
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he never ceased to reject the tlieory of descent as unproven, and to 
ridicule its chief consequence — the descent of man from a series of 
mammal ancestors — as a fantastic dream. I need only recall his 
weU-known expression at the Anthropological Congress at Vienna in 
1894, that “it would be just as well to say man came from the 
sheep or the elephant as from the ape.” 

Virchow’s assistant, the secretary of the German Anthropological 
Society, Professor Johannes Eanke of Munich, has also indefatigably 
opposed transformism : he has succeeded in writing a w’ork in two 
volumes [Dcr Menscli), in which all the facts relating to his organi- 
sation are explained in a sense hostile to evolution. This work has 
had a wide circulation, owing to its admirable illustrations and its 
able treatment of tlie most interesting facts of anatomy and 
physiology — exclusive of the sexual organs ! But, as it has done a 
great deal to spread erroneous views among tlie general public, I 
have included a criticism of it in my Natural Hmtorjj of Creation, as 
well as met Virchow’s attacks on anthropogeny. 

Neither Virchow, nor Eanke, nor any oilier “ exact ” anthropo- 
logist, has attempted to give any other natural explanation of tlie 
origin of man. They have eitlier set completely aside this “ question 
of questions” as a transcendental problem, or they have appealed to 
religion for its solution. We liave to show that tins rejection of the 
rational explanation is totally without justification The fund of 
knowledge which has accumulated in the progress of hiology in the 
nineteenth century is quite adequate to furnish a rational explana- 
tion, and to establish the theory of the o\olution of man on the 
solid facts of his embryolog>. 
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THE OVUM AND THE AMCEBA' 

The ovuni of man and other animals is a simple cell. The fully-developed 
is an organised community of cells. Independent cells and tissue-cells. 
Importance and chaef features of the ceU-theorj'. Definition, form, and size 
of the cell. Consists of two parts : Nucleus (caryoplasm) oell-hody 

(cytosoma — cytoplasm). Active protoplasm and passive products of proto- 
plasm. The cell as the elementary organism, or the umt-individual. Plastids, 
or constructive colls. Their vital phenomena. Vegetal functions (nutrition, 
reproduction) Animal functions (movement, sensation). The special 
features of the ovum. Yolk. Germinal vesicles. Germinal disc. Coverings 
of the ovum, ovolomma or chorion. Application of the biogenetic law to the 
ovum. Unicellular organisms. The Amoeba. Structure and functions of 
the Amoeba Amoeboid movements. Amoeboid cells in the multicellular 
organism. Their movements and intussusception of solid matter. Blood- 
cells that oat. Comparison of the Amoeba with the ovum. Amoeboid ova of 
the sponges and their movements. Evolutionary conclusion from the unicel- 
lular ovum to the unicellular ancestor. 

In order to understand clearly the course of human embryology, we 
must select the more imijortant of its wonderful and manifold 
processes for fuller explanation, and then proceed from these to the 
innun lei’alde features of less importance. The most important 
feature in this sense, and the best starting-point for ontogenetic 
study, is the fact that man is developed from an ovum, and that this 
ovum is a simple cell The human ovum does not materially differ 
in form and composition from that of the other Mammals, whereas 
tliere is a distinct difference between the fertilised ovum of the 
Mammal and tliat of any other animal. 

Tliis fact is so important that few should be unaware of its 
extreme significance ; yet it was quite unknown in the first quarter 
of tlio nineteenth century. As we have seen, the human and 
Mammal ovum was not discovered until 1827, when Carl Ernst von 
Baer detected it. Up to that time the larger vesicles, in which the 
real and mucli smaller ovum is contained, had been wrongly regarded 
as ova. The important circumstance that this Mammal ovum is a 
simple cell, like tho ovum of other animals, could not, of course, be 
recognised until the cell-theory w'as established. This was not done. 


* ('f Eduuuid Wilaoii, TIif‘ Cell in Development and Inhentance 
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by Schleiden for the plant and Schwann for the animal, until 1838-. 
As we have seen, this cell-theory is of the greatest service in explain- 
ing the human frame and its embryonic development. Hence we 
must say a few words about the actual condition of the theory and 
the significance of the views it has suggested. 

In order properly to appreciate the cellular theory, the most 
important element in om' morphological and physiological science, 
it is necessary to understand in the first place that the ceU is a 
iLnified organism, a self-contained living being. When we anatomically 
dissect the fuUy-formed animal or plant into its various organs, and 
then examine the finer structure of these organs with the microscope, 
we are surprised to find that all these different parts are ultimately 
made up of the same structural element or tmit. This common unit 
of structm'e is the ceU. It does not matter whether we thus dissect 
a leaf, flower, or fruit, or a bone, muscle, 
gland, or bit of skin, etc. ; we find in every 
case the same ultimate constituent, which has 
been called the cell since Schleiden’s discovery. 
There are many opinions as to its real nature, 
but the essential point in our view of the cell 
is to look upon it as a self-contained or inde- 
PiG, 1 . — The human pendent living unit. It is, in the words of 

timesi The globular Brucke, an elementary organism, or, as 

S52a°bj’a'traMparlS Virohow puts it, “a vital focus,” a “bio- 

St^^MSapaiiuSdawi; meron.” We fnay define it most precisely 

tou SSdlTithS'SS; as the ultimate organic unit, or “ an individual 

naJ vesicle,.) ct Fig 14. j^e first class and as the cells are the 

sole active principles in every vital func- 
tion, we may call them the “ plastids,” or “ formative elements ” 
(cf. the Gen. Morph., Band I., S. 269). This unity is found in both 
the anatomic structure and the jihysiological function. In the case 
of the Protists, the entire organism usually consists of a single 
autonomous cell throughout life. But in the tissue-forming animals 
and plants, which are the great majority, the organism begins its 
career as a simple cell, and then grows into a cell-commimity, or, 
more correctly, an organised cell-state. Our own body is not really 
the simple unity that it is generally supposed to be. On the contrary, 
it is a very elaborate social system of countless microscopic organisms, 
a colony or commonwealth, made up of innumerable independent 
units, or very different tissue-cells. 

In reality, the term “ cell,” wliich existed long before the cell- 
theory was formulated, is not hapijily chosen. Schleiden, who first 




THE OVUM AND THE AMCEBA 


81 


brought it into scientific use in the sense of the cell-theory, gave this 
name to the elementary organisms because, when you find them in 
the dissected plant, they generally have the appearance of chambers, 
like the cells in a bee-hive, vdth firm walls and a fluid or pulpy 
content. This idea of a cell as a closed vesicle or little sac, with a 
fluid content and firm envelope or wall, was adopted, and came into 
general use ; but it is totally inapplicable to most of the cells in the 
body. The more we learned about the cells of the animal body, the 
more it became necessary to modify our conception of the cell ; for 
some cells, especially young ones, are entirely without the enveloping 
membrane, or stiff wall. Hence we now generally describe the ceU 
as a living, viscous particle of protoplasm, enclosing a firmer nucleus 
in its albuminoid body. There may be an enclosing membrane, as 
there actually is in the case of most of the plants , but it may be 
wholly lacking, as is the case with most 
of the animals. There is no membrane 
at all in the first stage. The young 
cells are usually round, but they vary 
much in shape later on. Illustrations 
of this -will be found in the cells of 
various parts of the body shown in 
Eigs. 3-7. 

Hence the essential point in the 
modern idea of the cell is that it is 
made up of two different active con- 
stituents — an inner and an outer part. 

The smaller and inner part is the nu- 
cleus (or carijon, or cytobkistus, Fig. Ic 
and Fig. 2 k). The outer and larger 
part, which encloses the other, is the body of the cell (celleiis, cytos, or 
cytosoma). The soft living substance of which the two are composed 
has a peculiar chemical composition, and belongs to the group of the 
albuminoid plasma-substances (“formative matter”), or protoplasm. 
The essential and indispensable element of the nucleus is the nuclein 
(or caryoplasm) ; that of the cell body is called the plastin (or cyto- 
plasm). In the most rudimentary cases both substances seem to be 
quite simple and homogeneous, without any visible structure. But, as 
a rule, when we examine them under a high power of the microscope, 
we find a certain structure in the protoplasm. The chief and most 
common form of this is the fibrous or net-like “thread-structure” 
(Frommann) and the frothy “honeycomb structure” (Biitschli). 

The shape or outer form of the cell is infinitely varied, in 

a 



Fio 2 —Stem-cell of one of the 
Echlnoderras (cvtula, or “first seg- 
mentation-cell" = fertilised ovum), 
after Hertmg. k is the nucleus or 
cari’on 
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accordance with its endless power of adapting itself to the most 
diverse activities or environments. In its simplest form the cell is 
globular (Fig. 2). This normal globular form is especially found in- 
cells of the simplest construction, and those that are developed in a 
free fluid without any external pressure. In such cases the nucleus 
also is not infrequently round, and located in the centre of the cell- 
body (Fig. 2 k). In other cases the cells have no definite shape; 
they are constantly changing their form owing to their automatic 
movements. This is the case with the Amcebse (Figs. 16 and 17) 
and the amoeboid travelling cells (Fig. 12), and also with very young 
ova (Fig. 13). However, as a rule, the cell assumes a definite form 
in the coui’se of its career. In the tissues of the multicellular 
organism, in which a number of similar cells are bound together in 



Fia. 3. Fig 4 Fig. 5. 


Fig 3 —Three epithelial cells from the mucous lining of the tongue 
Fig 4 —Five spiny op grooved cells, with edges joined, from the outer skin 
(epidermis) , one of them (b) is isolated 

Fig 5.— Ten liver-cells ; one of them (b) has two nuclei 

virtue of certain laws of heredity, the shape is determined partly by 
the form of their connection and partly by their special functions. 
Thus, for instance, we find in the mucous lining of our tongue very 
thin and delicate fiat cells, or epithelial cells, of roundish shape 
(Fig. 3). In the outer skin we find similar, but harder, covering 
colls, joined together by saw-like edges (Fig. 4). In the liver and 
other glands tliere are thicker and softer cells, linked together in 
rows (Fig 5). 

The last-named tissues (Figs. 3-5) belong to tlie simplest and 
most primitive type, tlie group of the “ covering-tissues,” or epithelia. 
In these “primary tissues” (to which the gei‘m-la>ers belong) 
simple cells of tlie same kind are arranged in layers. The arrange- 
ment and shaiDe are more complicated in the “ secondary tissues,” 
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which are gradually developed out of the primary, as in the tissues 
of the muscles, nerves, bones, etc. In the bones, for instance, which 
belong to the group of supporting or connecting organs, the cells 
(Eig. 6) are star-shaped, and are joined together by numbers of 
net-like interlacing processes; so, also, in the tissues of the teeth 
(Eig. 7), and in other forms of supporting-tissue, in which a soft or 
hard substance (intercellular matter, or base) is inserted between the 
cells. 

The cells also differ very much in size. The great majority of 
them are invisible to the naked eye, and can be seen only through 
the microscope (being on an average between 0.01 and 0.1 millimetres 



Pig. 6.— Nine star-shaped bone-cells, with' interlaced branches 


in diameter) Tliere are, in fact, many of the smaller plastids — 
such as the famous Bacteria — which only come into view with a 
very high magnifying power On the other hand, many cells attain 
a considerable size, and run to several millimetres or centimetres in 
diameter, as do several kinds of Rhizopods among the unicellular 
Protists (such as the Radiolaria and Tlialamophora). Among the 
tissue-cells of the animal body many of the muscular fibres and nerve 
fibres are more than a decimetre (4 inches), and sometimes more than 
a metre (40 inches) m length Among the largest cells are the yolk- 
filled ova; as, for instance, the yellow “ yolk-nucleus ” in tlie hen’s 
egg, which we shall describe later (Fig 15). 
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Cells also vary considerably in structure. In this connection we 
must first distinguish between the active and passive components of 
the cell. It is only the former, or active parts of the cell, that reaUy 
live, and effect that marvellous -world of phenomena to which we 
give the name of “ organic life.” The first of these is the inner 
nucleus {caryojilasm) , and the second the body of the cell {cytoplasm). 
The passive portions come third; these are subsequently formed 
from the others, and I have in my GenerelU Morphologie (Chapter IX.) 
given them the name of “plasma-products.” They are partly 
external (cell-membranes and intercellular matter) and partly internal 
(cell-sap and cell-contents). (See the table at the end of the next 
Chapter.) 

The nucleus (or caryon), which is usually of a simple roundish 
form, is quite structureless at first (especially in very young cells), 

and composed of homo- 
geneous nuclear matter or 
caryoplasm (Fig. 2 A:). But, 
as a rule, it forms a sort of 
vesicle later on, in which we 
can distinguish a more solid 
nuclear base {caryohasis) and 
a softer or fiuid nuclear sap 
{carijolymph). The nuclear 
base forms the enveloping 
membrane of globular nu- 
clein and, as a rule, a skele- 
ton or network of branching 
threads, which go out from 
the membrane, and pass 
through the body of the vesicle and its liquid contents. This 
nuclear skeleton {cai yomitoma) consists of two different sub- 
stances, one of which (the chromatin) takes a strong tinge with 
carmine and other colouring matter, while the other iachromin or 
limn) does not. In a mesh of the nuclear network (or it may be on 
the inner side of the nuclear envelope) there is, as a rule, a dark, 
very ojiaciue, firm body, called the nucleolus. Many nuclei contain 
several ot these nucleoli (as, for instance, tlie germinal vesicle of the 
ova of fishes and amphibia). 

Recently a verv small, but particularly important, part of tlie 
nucleus lias hec'n distinguished as the central body (centrosome) — a 
tiny paiticle tliat is originally found in the nucleus itself (as in the 
case of many spermacytes, carcinomatous ceUs, etc.), but is usually 



Fig 7— Eleven star-shaped cells from the 
enamel of a tooth, joined together by their branch- 
lets. 
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outside it, in the cytoplasm ; as a rule, fine threads stream out 
from it into the cytoplasm. From the position of the centrosome 
with regard to the other parts it seems probable that it has a high 
physiological importance as a centre of movement ; but it is lacking 
in many cells. 

The cell-body (celleiis or cytosoina) also consists oi'iginally, and 
in its sinyplest form, of a homogeneous viscid plasmio matter 
{cytoplasm). But, as a rule, only the smaller part of it is formed of 
the living active cell-substance (protoplasm) ; the greater part 
consists of dead, passive plasma-products (metaplasm). It is useful 
to distinguish between the inner and outer of these. External 
plasma-products (which are thrust out from the protoplasm as solid 
“ structural matter ”) are the cell-membranes and the intercellular 
matter. The mternal plasma-products 
are either the fluid cell-sap {cytolyjnph) 
or hard structures (paraplasm). As a 
rule, in mature and differentiated cells 
these various parts are so arranged that 
the protoplasm (like the caryoplasm in 
the round nucleus) forms a sort of skele- 
ton or frame-work {cytcymitorna, filar 
matter or spongioplasm). The spaces 
of this network are filled partly with 
the fluid cell-sap {cytolymph) and partly 
by hard structm’al products {paraplasm 
or interfilar matter) ; among these there 
are small plasma-granules {cjranula or 
microsomata) , or fat-grams {Uposomata) , 
of great impoitance. Besides these, we 
can distinguish many other products in 
the cytoplasm, such as concrementa, crystals, gland-granules, etc. 

The simple globular ovum, which we take as the starting-point 
of our study (Figs, 1 and 2), has in many cases the vague, indifferent 
features of the typical primitive cell. As a contrast to it, and as an 
instance of a very highly differentiated plastid, we may consider for 
a moment a large nerve-cell, or ganglionic cell, from the brain. The 
ovum stands potentially for the entire organism — in other words, it 
has the faculty of building up out of itself the whole multicellular 
body. It is the common parent of all the countless generations of 
cells which form the different tissues of the body ; it unites all their 
powers in itself, though only potentially or in germ. In complete 
contrast to this, the neural cell in the brain (Fig. 9) develops along 



Fia 8 —Unfertilised ovum of 
an Echinoderm (from Hertioia). 
The round nucleus (or " germmal 
vesicle ") IS globular, half the size 
of the ovum, and encloses a nuclear 
framework, in the central knot of 
which there is a dark nucleolus 
(the "germmal spot") 


Fir, n —A large branching nerve-cell, or “soul-cell,” h-oin the brain of an olectiic 
fish (Totjwdo), inafiriibed faOO times In the middle of the cell is the large ti'ansparent 
round )in(li‘i(h, a nuclmlus, and, ■within the latter again, a iiiideohnus The protoplasm of 
the cell is split into innnnierable hne thieads (or flbiils), which ai’e embedded in nucleolar 
intercellulai iiiattei, and are piolonged into the branching piocesses of the cell (b) One 
branch («) passes into a neive-fibie, (From Mux Schultse.) 
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one rigid line. It cannot, like the ovum, beget endless generations of 
cells, of which some will become skin-cells, others muscle-cells, and 
others again bone-cells. But, on the other hand, the nerve-cell has 
become fitted to discharge the highest functions of life ; it has the 
powers of sensation, will, and thought. It is a real soul-cell, or an 
elementary organ of the psychic activity. It has, therefore, a most 
elaborate and delicate structure. Numbers of extremely fine threads, 
like the electric wires at a large telegraphic centre, cross and recross in 
the delicate protoplasm of the nerve-cell, and pass out in the branching 
processes which proceed from it and put it in communication with 
other nerve-cells or nerve-fibres (u, b). We can only partly follow 
their intricate paths in the fine nucleolar matter of the cytoplasmic 
body. 

Here we have a most elaborate apparatus, the delicate structure 
of which we are just beginning to appreciate through our most 
powerful microscopes, but whose significance is rather a matter of 
conjecture than knowledge. Its intricate structm'e corresponds to 
the very complicated functions of the mind. Nevertheless, this 
elementary organ of psychic activity — of which there are millions 
in our brain — is nothing but a single cell. Our whole mental life is 
the joint result of the combined activity of all these neiwe-ceUs, or 
soul-cells. In the centre of each ceU there is a large transparent 
nucleus, containing a small and dark nuclear body. Here, as else- 
where, it IS the nucleus that determines the individuality of the cell ; 
it proves that the whole structure, in spite of its intricate composi- 
tion, amounts to only a single ceU. 

In contrast with this very elaborate and very strictly differen- 
tiated psychic cell (Eig. 9), w'e have oui* ovum (Figs 1 and 2), which 
has hardly any structure at all. But even in the case of the ovum 
we must infer from its properties that its protoplasmic body has a 
very complicated chemical composition and a fine molecular structure 
which escapes our observation. This hypothetical molecular struc- 
ture of the plasm is now generally admitted ; but it has never been 
seen, and, indeed, lies far beyond the range of microscopic vision. 
It must not be confused — as is often done — with the structure of the 
plasma (the fibrous net-work, groups of granules, honey-comb, etc.) 
which does come within the range of the microscope. 

But when we speak of the cells as the elementary organisms, or 
structural units, or “ ultimate individualities,” we must bear in mind 
a certain restriction of the phrases. I mean, that the cells are not, 
as is often supposed, the very lowest stage of organic individuality. 
There are yet more elementary organisms to which I must refer 
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occasionally, and will return later on. These are what we call the 
“ cytodes ” (cyto5=cell), certain living, independent beings, consisting 
only of a particle of i^lasson — an albuminoid substance, which is not 
yet differentiated into caryoplasm and cytoplasm, but combines the 
properties of both. Those remarkable beings called the Monera — 
especially the Cln'omacea and Bacteria — are specimens of these 
simple cytodes. (Compare the Nineteenth Chapter.) To be quite 
accurate, then, we must say: the elementary organism, or the 
ultimate individual, is found in two different stages. The first and 
lower stage is the cytode, which consists merely of a particle of 
plasson, or quite simple plasm. The second and higher stage is the 
cell, which is already divided or differentiated into nuclear matter 
and cellular matter. We comprise both 
kinds — the cytodes and the cells — under 
the name of plasUds {“ formative particles ”)» 
because they are the real builders of the 
organism. However, these cytodes are not 
found, as a rule, in the higher animals and 
plants ; here we have only real cells with a 
nucleus. Hence, in these tissue-forming 
organisms (both plants and animal) the 
organic unit always consists of two chemi- 
cally and anatomically different parts — the 
outer cell-body (cytosoma) and the inner 
nucleus {car yon). 

In order to convince oneself that this cell 
is really an independent organism, we have 
only to observe the development and vital 
phenomena of one of them. You see then 
that it performs all the essential functions 
of life — both vegetal and animal — which we 
find in the entire organism. Each of these 
tiny beings grows and nourishes itself inde- 
pendently. It takes its food from the surrounding fluid ; sometimes, 
even, the naked cells take in solid particles at certain points of their 
surface — in other words, “ eat ” them — without needing any special 
mouth and stomach for the purpose (ef. Fig. 19). 

Furtlier, each cell is able to reproduce itself. This multiplication, 
in most cases, takes the form of a simple cleavage, sometimes direct, 
sometimes indirect , the simple direct (or “ amitotic ") division is 
less common, and is found, for instance, in the blood-cells (Fig. lO). 
In these the nucleus first divides into two equal parts by constriction. 



Fig. 10 — B 1 o o d - c e 1 1 s , 
multiplying by direct di- 
vision, ti'om tbe blood of the 
embryo ot a «oat Ongm- 
allv, each blood-cell has a 
nucleus and la globular («). 
When it is going to multiph , 
the nucleus divides into two 
(h, c, (1). Then the proto- 
plasmic bod\ IS constricted 
between the two nuclei, aud 
these move awav from each 
other le). Finally the con- 
striction IS complete, and 
the cell Kplitb into two 
daughter-cells (/) (Prom 
Fteij ) 
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The indirect (or mitotic ”) cleavage is much ;more frequent ; in 
this the caryoplasm of the nucleus and the cytoplasm of the cell- 
body act upon each other in a peculiar way, with a partial dissolu- 
tion (caryolysis), the formation of knots and loops {mitosis) ^ and a 
movement of the halved plasma-particles towards two mutually 
repulsive poles of attraction (caryokinesis, Fig. 11). 




Nuclear threads (chromo- 
somes) 

(coloured nuclear matter, chro- 
matin) 

A Mother-eell 

soma 

(Coil, spirema) 


Nuclear membrane 

Protoplasm of 
the cell-body 


— Nuclear sap 



star-like appearance in 
cytoplasm 

Centrosome(sphere of attraction) 
Nuclear spindle (achromin, 
colourless matter) 

Nuclear loops (chromatin, 
coloured matter) 

B. Mother-star, 
the loops begiiming to split 
lengthways (nuclear membrane 
gone) 





C. The two daughter-stars, / 
produced by the breaking away 
of the loops of the mother-star ' 
(moving away) 


- Upper daughter-crown 

Connecting-threads of the two 
crowns (achromin) 

- Lower daughter-crown 



- Double-star (amphiaster) 


D The two daughter-cells. 


produced by the complete di- 
vision of the two nuclear halves 
(cytosomes still connected at the 
equator) 

(Double-knot, Di&pu’ema) 



Upper daughter-nucleus 

Equatorial constriction of the 
cell-body 

Lower daughtei-nucleus 


U — Indirect or mitotic cell-division (with carvoly&is and caryokinesis) fiom the 
skin of the larva ot a salamander. (From Babl.) 


The intricate physiological processes which accompany this 
“ mitosis ” have been very closely studied of late years. The inquiry 
has led to the detection of certain laws of evolution which are of 
extreme importance in connection with heredity. As a rule, two 
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very difl'erent parts of the nucleus play an important part in these 
changes. They are: the chromatin, or colourable nuclear substance, 
which has a poculiar property of tingeing itself deeply with certain 
colouring matters (carmine, hflematoxylin, etc.), and the achromin (or 
Imin, or acluwnatiri) , a colourless nuclear substance that lacks this 
property. The latter generally forms in the dividing cell a sort of 
spindle, at the poles of which there is a very small particle, also 
colourless, called the “ central body ” {centrosoma) . This acts as the 
centre or focus in a “ sphere of attraction ” for the granules of proto- 
plasm in the surrounding ceU-body, and assumes a star-like appear- 
ance (the cell- star, or 'monaster). The two centrosomes, standing 

opposed to each other at the poles 
of the nuclear spindle, form “the 
double star” (or ainphiaster, Eig. 
^ chromatin often 

forms a long, irregularly-wound 
thread — “the coil” {spvrema, 
M) commencement 

Ay cleavage it gathers at the 

equator of the cell, between the 
^ ^ a 7 stellar poles, and forms a crown 

&S. T P U-shaped loops (generally four 

or some other definite 
^1) ^ number). The loops split length- 

fig. ia.-lIoblle cells from theinflamed wise into two lialves (B), and 
eye of a frog (trom the watery fluid of the flioao fvnm nfViPv 

eye. the aqueus) The naked cells 

creep freely about by (like the Amoeba or towards the uoles of the Spindle 
lihizopod) piotrudintf fine processes from ^ ^ 

the uncovered piotoplasinic body These (C). Here eacllgroup forins a 
bodies vaiv coutinualh in number, bhape, ® . 

and size. The nucleus of these amoeboid crOWn Once more, and this, with 
Iviiiph-cells ("travclliiij; cells,” or plano- 

evteh) iH invisible, becauHe concealed bv the the Corresponding half of the 
numbei’H of lino granules \\hich are scat- t--,, . m a « , 

teiod in the protoplasm (From i’l «i/.) divided spmdie, forms a iresh nu- 
cleus (D). Then the protoplasm 
of the cell-body begins to contract in the middle, and gatlier about 
tlie new daughter-nuclei, and at last the two daughter-cells become 
indejiendent beings. 

Between this common mitosis, or nuhrcci cell-division — which is 
the normal cleavage-process m most cells of the higlier animals and 
lilants — and the simple duect division (Fig. lO) we find every gi'ade 
of segmentation; in some circumstances even one kind of division 
may bo converted into anotlier (as, for instance, in the segmentation 
of the yolk-cells in discoblastic ova). 

The plasiid is also endowed with the functions of movement and 
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sensation. The single ceU can move and creep about, when it has 
space for free movement and is not prevented by a hard envelope ; 
it then thrusts out at its surface processes like fingers, and quickly 
withdraws again, and thus changes its shape (Fig. 12). Finally, the 
young cell is sensitive, or more or less responsive to stimuli ; it 
makes certain movements on the application of chemical and 
mechanical irritation. Hence we can ascribe to the individual cell 
all the chief functions which we comprehend under the general 
heading of “life” — sensation, movement, nutrition, and reproduction. 
AH these properties of the multicellular and highly developed animal 
are also found in the single animal-cell, at least in its younger stages. 
There is no longer any doubt about this, and so Tve may regard it as 
a solid and important base of our physiological conception of the 
elementary organism. 

Without going any further here into these very interesting 
phenomena of the life of the cell, vre will pass on to consider the 
application of the cell-theory to the ovum. Here comparative 
research ^fields the important result that every ovim is at first a 
simple cell. I say this is very important, because our whole science 
of ontogeny now resolves itself into the problem : “ How does the 
multicellular organism arise from the unicellular ? ” Every organic 
individual is at first a simple cell, and as such an elementary 
organism, or a unit of individuality. This cell produces a cluster 
of cells by segmentation, and from these develops the multicellular 
organism, or individual of higher rank. 

When we examine a little closer the original features of the ovum, 
we notice the extremely significant fact that in its first stage the 
ovum is just the same simple and indefinite structure in the case of 
man and all the animals (Fig. 13). We are unable to detect any 
material difference between them either in outer shape or internal 
constitution. Later, though the ova remain unicellular, they differ 
in size and shape, enclose various kinds of yolk-particles, have 
different envelopes, and so on. But when we examine them at their 
birth, in the ovary of the female animal, we find them to be always 
of tlie same form in the first stages of their life In the beginning 
each ovum is a very simple, roundish, naked, mobile cell, without a 
membrane ; it consists merely of a xiarticle of cytoplasm enclosing a 
nucleus (Fig 13). Special names have been given to these parts of 
the ovum ; the cell-body is called the yolk {viteUus), and the cell- 
nucleus the (jermimtl vesicle {vesiciila yennmativa). As a rule, the 
nucleus of the ovum is soft, and like a small pimple or vesicle 
Inside it, as in many other cells, there is a nuclear skeleton or lianie 
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and a third, solid nuclear body (the nucleolus). In the ovum this is 
called the germinal spot {macula germinativa) . EinaUy, we find in 
many ova (but not in aU) a still further point within the germinal 



Fio 13 —Ova of various animals, executing: amoaboid movements, highlvinatimfled 
All the ova are naked eolls ot vaiMiig sliane In the tlaik flne-grained niotoplasm (\ oik) is 
a laige vesiculai’ nutleus (the germinal vosicle), and in this, is seen a nuclear body (the 
germinal spot), in which again wo otten see a geiminal point Figs AI-Ai lepreaent the 
ovum of a sponge iL&itcidtnis ccittitus) in four succossivo movements Bl-BS are the ovum 
ot a ])aiasitic ciab (ClioiKlracdiithus cunuitus), in oight successive inovemonts (From 
KdioitnJ von Bcneden.) C1~C3 show the ovum of the cat lu various stages of movement 
(from PtiiKiev) , Fig 1) the ovum ot a trout, Jil the ovum of a chicken; F a human ovum 


spot, d “ nucleolin,” wliich goes by the name of the geiminal point 
iimnctuin (jcnninatirum). The latter parts (germinal spot and 
germinal point) Jiave, apparently, a minor importance, in comparison 
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Tvith the other two (the yolk and germinal vesicle). In the yolk we 
must distinguish the active formative yolk (or protoplasm =fb:'st 
plasm) from the passive nutritive yolk (or deutoplasm = second 
plasm). 

In many of the lower animals (such as Sponges, Polyps, and 
Medusae) the naked ova retain their original simple appearance until 
impregnation. But in most animals they at once begin to change ; 
the change consists partly in the formation of connections with the 
yolk, which serve to nourish the owim, and partly of external 



Fig 14 —The human ovum, taken from the female ovarj', magnified 500 tunes. The 
whole ovum is a sunple globular cell The chiet part of the globular mass is formed by the 
nuclear yolk (.deutoidasm), which is easily distributed in the active protoplasm, and 
consists ot numbers of fine yolk-granulea In the upper part of the volk la the transparent 
globular germinal vesicle, which corresponds to the nucleus. This encloses a darker 
granule, the nerminal spot, which shows a nucleolus The globular yolk is surrounded bv 
the thick transparent germinal membrane {ovolemma or zona nell ucida). This is traversed 
by numbers of lines as fine as hairs, which are directed radially towards the centre of the 
ovum These are called the pore-canals , it is through these that the moving spermatozoa 
penetrate into the yolk at impregnation. 


membranes for their iDi’otection (the ovolemma or prochorion). A 
membrane of this sort is formed in all the mammals in the course of 
tlie embryonic process The little globule is surrounded by a thick 
capsule of glass-like transparency, the zona pelUicida, or ovoleninm 
pellucidim (Fig. 14). When we examine it closely under the 
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microscope, we see very fine radial streaks in it, piercing the zona, 
which are really very narrow canals. The human ovum, whether fer- 
tilised or not, cannot be distinguished from that of most of the other 
mammals. It is nearly the same everywhere in form, size, and 
composition. When it is fully formed, it has a diameter of (on an 
average) about of an inch. When the Mammal ovum has been 
carefully isolated, and held against the light on a glass-plate, it may 
be seen as a fine point even with the naked eye. The ova of most 
of the higher Mammals are about the same size. The diameter of 
the ovum is almost always between and yV of a line (0.1-0.2 
millimetres). It has always the same globular shape; the same 
characteristic membrane ; the same transparent germinal vesicle 
with its dark germinal spot. Even when we use the most powerful 
microscope with its highest power, we can detect no material 
difference between the ova of man, the ape, the dog, and so on. I 
do not mean to say that there are no differences between the ova of 
these different Mammals. On the contrary, we are bound to assume 
that there are such, at least as regards chemical composition. Even 
the ova of different men must differ from each other ; otlierwise we 
should not have a different individual from each ovum. In accord- 
ance with the law of the unlikeness of individuals, we must assume 
that “ all organic individuals differ from the very beginning of their 
development, though they resemble each other so much ” {Gen. 
Morj^h., Band II., S 202), It is true that our crude and imperfect 
apparatus cannot detect these subtle individual differences, which are 
probably in the molecular structure. However, such a striking 
morphological resemblance of their ova, so great as to seem to be 
a complete similarity, is a strong proof of tlie common parentage of 
man and the other Mammals. From the common germ-form we 
infer a common stem -form. On the other hand, there are striking 
peculiarities by which we can easily distinguish tlie fertilised ovum 
of the mammal from the fertilised ovum of the birds, amphibia, 
fishes, and other Vertebrates (see the close of the Twenty-ninth 
Chapter). 

Tlie fertilised bird-ovum (Fig. 15) is notably different. It is true 
that in its earliest stage (Fig. 13 E) this ovum also is very like that 
of the Mammal (Fig. 13 F). But afterwards, wliile still witliin the 
oviduct, it takes up a quantity of nourishment and works this into 
tlio familiar large yellow yolk. When we examine a very young 
ovum 111 tlio hen’s cniduct, wo find it to be a simple, small, naked, 
amoeboid cell, just like the young ova of other animals (Fig. 13). 
But it then grows to the size we are familiar wnth in the globular 
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yolk of the egg. The nucleus of the ovum, or the germinal vesicle, 
is thus pressed right to the surface of the globular ovum, and is 
embedded there in a small quantity of transparent matter, the 
so-called white yolk. This forms a round white spot, which is 
known as the egg-scar {cicatnciila) (Eig. 15 b). From the scar a 
thin column of the white yolk penetrates through the yellow yolk to 
the centre of the globular cell, where it swells into a small, central 
globule (wrongly called the yolk-cavity, or latebra, Fig. 15 d'). The 
yellow yolk-matter which surrounds this white yolk has the appear- 
ance in the egg (when boiled hard) of concentric layers (c). The 
yeUow yolk is also enclosed in a delicate stiuctureless membrane 
(the membrmia vitellina, a). 

As the large yellow ovum of the bird attains a diameter of several 
inches in the bigger birds and encloses 
round yolk-particles, there was formerly 
a reluctance to consider it as a simple 
cell. This, however, was an error from 
which His and other embryologists have 
even recently drawn wrong conclusions, 
though it was corrected by Gegenbaur 
forty years ago. The unfertilised and 
undivided ovum of the bird remains a 
real cell with its simple nucleus, however 
large it may grow by the production of 
yellow yolk. Every animal has only one 
cell-nucleus, every Amoeba, every Gre- 
garina, every Infusorian, is unicellular, 
and remains unicellular whatever variety 
of matter it feeds on. So the ovum 
remains a simple cell, however much 
yellow yolk it afterwards accumulates 
within its protoplasm. Gegenbaur and Van Beneden have clearly 
shown this in their admirable works on the ova of Mammals. 

It is, of course, different with the bnd’s egg when it has been 
fertilised. Then its nucleus multiplies by repeated cleavage, and the 
protoplasm of the cicatrix which surrounds it is similarly divided. 
The ovum then consists of as many cells as there are nuclei in the 
cicatrix. Hence, in the fertilised egg which we eat daily, the yellow 
yolk is already a multicellular body. Its scar is composed of several 
cells, and is now commonly called the gewiinal disc {discus blasto- 
dermicus). We shall return to this discogastnda in the Ninth 
Chapter. 



Pig 15— a. fertilised ovum 
from the oviduct of a hen. 
The yellow yolk (c) consistB of 
several concentric layers (d), 
and IS enclosed in a thin yolk- 
membrane (a) The nucleus or 
germinal vesicle is seen above 
in the cicatrix (6). Prom that 
i)oint the white yolk penetrates 
to the central yolk-cavity (d') 
The two kinds of yolk do not 
differ ver>' much. 
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When the matui’e bird-ovum has left the ovary and been fertilised 
in the oviduct, it covers itself with various membranes which are 
secreted from the wall of the oviduct. Eirst, a large clear albuminous 
layer is deposited around the yellow yolk ; afterwards, the hard 
external shell, with a fine inner skin. All these gradually-forming 
envelopes and processes are of no importance in the formation of 
the embryo; they serve merely for the protection of the original 
simple ovum. We sometimes find extraordinarily large eggs with 
strong envelopes in the case of other animals, such as fishes of the 
shark type. - But here, also, the ovum is originally of the same 
character as it is in the Mammal ; it is a perfectly simple and naked 
cell. But, as in the case of the bird, a considerable quantity of 
nutritive yolk is accumulated inside the original yolk as food for the 
developing embryo; and various coverings are foimed round the 
egg. The ovum of many other animals has the same internal and 
external featm’es. They have, however, only a physiological, not a 
morphological, importance; they have no direct influence on the 
formation of the foetus. They are partly consumed as food by the 
embryo, and partly serve as protective envelopes. Hence we may 
leave them out of consideration altogether here, and restrict ourselves 
to material points — to the suhstantial identity of the original ovum 
in man and the rest of the animals (Eig. 13). 

Now, let us for the first time make use of our biogenetic law, and 
directly apply this fundamental law of evolution to the human ovum. 
We reach a very simple, but very important, conclusion. From the 
fact that the human ovum ami that of all other animals consists of a 
single cell, it folloivs immediately, accordmg to the hiogenetic laiv, that 
all the animals, including man, descend from a unicellular organism. 
If our biogenetic law is true, if the embryonic development is a 
summary or condensed recapitulation of the stem-history — and there 
can be no doubt about it — we are bound to conclude, from the fact 
that all the ova are at first simple cells, that all the multicellular 
organisms originally sprang from a unicellular being And as the 
original ovum in man and all the other animals has the same simple 
and indefinite appearance, we may assume with some probability 
that this unicellular stem-form was the common ancestor of the 
whole animal world, including man. However, this last hypothesis 
does not seem to me as inevitable and as absolutely certain as our 
first conclusion. 

This inference from the unicellular embryonic form to the 
unicellular ancestor is so simple, but so important, that we cannot 
sufficiently emphasise it. We must, therefore, turn next to the 
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question whether there are to-day any unicellular organisms, from 
the features of which we may draw some approximate conclusion as 
to the unicellular ancestors of the multicellular organisms. The 
answer is: Most certainly there are. There are assuredly still 
unicellular organisms which are, in their whole nature, really nothing 
more than permanent ova. There are independent unicellular 
organisms of the simplest character which develop no further, but 
reproduce themselves as such, without any further growth. We 
know to-day of a great number of these little beings, such as the 
Gregarinse, Elagellata, Acineta, Infusoria, etc. However, there is 
one of them that has an especial interest for us, because it at once 
suggests itself when we raise our question, and it must be regarded 
as the unicellular being that approaches 
nearest to the real ancestral form. This 
organism is the Amoeba. 

Eor a long time now we have comprised 
under the general name of Amoebae a number 
of microscopic unicellular organisms, which 
are very widely distributed, especially in 
fresh water, but also in the ocean ; in fact, 
they have lately been discovered in damp 
soil. There are also parasitic Amoebae 
which live inside other animals. When 
we place one of these Amoebae in a drop 
of water under the microscope and ex- 
amine it with a high power, it generally 
appears as a roundish particle of a very 
irregular and varying shape (Figs. 16 and 
17). In its soft, slimy, semi-fluid sub- 
stance, which consists of protoplasm, we see 
only the solid globular particle it contains, 
the nucleus. This unicellelar body moves about continually, creeping 
in every direction on the glass on which we are examining it. The 
movement is effected by the shapeless body thmsting out finger-like 
processes at various parts of its surface ; and these are slowly but 
continually changing, and drawing the rest of the body after them. 
After a time, perhaps, the action changes. The Amoeba suddenly 
stands still, withdraws its projections, and assumes a globular shape. 
In a little while, however, the globular body begins to expand again, 
thrusts out arms in another direction, and moves on once more. 
These changeable processes are called “ false feet,” or pseudopodia, 
because they behave physiologically as feet, yet are not special 

H 



-whole organism is a simple 
naked cell, and moves about 
by means of the changing arms 
■which it thrusts out of and 
■withdra-ws mto its protoplas- 
mic bods’. Inside it is the 
roundish nucleus -with its 
nucleolus. 
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organs in the anatomic sense. They disappear as quickly as they 
come, and are nothing more than temporary projections of the semi- 
fluid, homogeneous, and structureless body. 

If you touch one of these creeping Amoebae with a needle, or put 
a drop of acid in the water, the whole body at once contracts in 
consequence of this mechanical or physical stimulus. As a rule, the 
body then resumes its globular shape. In certain circumstances — 
for instance, if the impurity of the water lasts some time — the 
Amoeba begins to develop a covering. It exudes a homogeneous 



Fig. 17 —Division of a unicellular Amoeba (Amceba j»olupodia) in six stages (From 
F F Sluiltze.) The dark spot is the nucleus, the hghter spot a contractile vacuole in the 
protoplasm The latter re-tonna in one ot the daughter-cells 

membrane or capsule, which immediately hardens, and assumes the 
appearance of a globular cell with a protective membrane. The 
Amoeba either takes its food directly by imbibition of matter floating 
in the water, or by pressing into its protoplasmic body solid particles 
with which it comes m contact. The latter process may be observed 
at any moment by forcing it to eat. If finely ground colouring 
matter, such as carmine or indigo, is put into the water, you can see 
the soft body of tlie Amoeba pressing these coloured particles into 
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itself, the substance of the cell closing round them. The Amoeba 
can take in food in this way at any point on its sm*face, without 
having any special organs for intussusception and digestion, or a real 
mouth or gut. 

The Amoeba grows by thus taking in food and dissolving the 
particles eaten in its protoplasm. When it reaches a certain size by 
this continual feeding, it begins to reproduce. This is done by the 
simple process of cleavage (Fig. 17). First, the nucleus divides into 
two parts. Then the protoplasm is separated between the two new 
nuclei, and the whole cell splits into two daughter-cells, the proto- 
plasm gathering about each of the nuclei. The thin bridge of proto- 
plasm which at first connects the daughter-cells soon breaks. Here 
we have the simple form of direct cleavage of the nuclei. Without 
mitosis, or formation of threads, the homogeneous nucleus divides 
into two halves. These move away from each 
other, and become centres of attraction for the 
enveloping matter, the protoplasm. The same 
,^cleavage of the nuclei is also witnessed 
{^reproduction of many other Protists, 

[ler unicellular organisms show the in- 
lision of the cell. 

icaltbough the Amoeba is nothing but 
' cell, it is evidently able to accomplish 
^functions of the multicellular organism. 

5ves, feels, nourishes itself, and reproduces. 

Some kinds of these Amoebee can be seen with 
the naked eye, but most of them are micro- 
scopically small. It is for the following reasons 
that we regard the Amoebae as the imicellular 
organisms which have special phylogenetic (or evolutionary) relations 
to the ovum. In many of the lower animals the ovum retains its 
original naked form until fertilisation, develops no membranes, and 
is then often indistinguishable from the ordinajrj’ Amoeba. Like the 
Amcebse, these naked ova may thrust out processes, and move about 
as travelling cells. In the sponges these mobile ova move about freely 
in the matenial body like independent Amcebse (Fig. 18). They had 
been observed by earlier scientists, but described as foreign bodies — 
namely, pai'asitic Amoebae, living parasitically on the body of the 
sponge. Later, however, it was discovered that they were not 
parasites, but the ova of the sponge. We also find this remarkable 
phenomenon among other animals, such as the graceful, bell-shaped 
Zoophyta, which we call Polyps and Medusas. Their ova remain 



Pio. 18 .— Ovum of a 
SDonge (Olynthua). The 
ovtuu creeps about In the 
body of the sponge by 
thrustxngout ever-ohang- 
ing processes. It is tn- 
distingoisbablefrom the 
common Amoeba 



100 


THE OVUM AND THE AMGEBA 


naked cells, which thrust out amoeboid projections, nourish them- 
selves, and move about. When they have been fertilised, the multi- 
cellular organism is formed from them by repeated segmentation. 

It is, therefore, no audacious hypothesis, but a perfectly sound 
conclusion, to regard the Amoeba as the particular unicellular 
organism which offers us an approximate illustration of the ancient 
common unicellular ancestor of all the Metazoa, or multicellular 
animals. The simple naked Amoeba has a less definite and more 
original character than any other cell. Moreover, there is the fact 
that recent research has discovered such Amoeba-hke cells every- 
where in the mature body of the multicellular animals. They are 
found, for instance, in the human blood, side by side with the red 
corpuscles, in the shape of colourless blood-cells ; and it is the same 

with all the Verte- 
brates. They are also 
found in many of the 
Invertebrates — for in- 
stance, in the blood of 
the snail. I showed, 
in 1859, that these 
colourless blood-cells 
can, like the indepen- 
dent Amoebae, take up 
solid particles, or 
“eat” (whence they 
are called phagocytes 
= “ eating- cells,” Fig. 
19). Lately, it has 
been discovered that 
many different cells 
may, if they have room enough, execute the same movements, 
creeping about and eating. They behave just like Amoebae (Fig. 12). 
It has also been shown that these “ travelling- cells,” ox planocytes, 
play an important part in man’s physiology and pathology (as means 
of transport for food, infectious matter, Bacteria, etc.). 

The power of the naked cell to execute these characteristic 
Amoeba-like movements comes from the contractility (or automatic 
mobility) of its protoplasm. This seems to be a universal property 
of young cells. When they are not enclosed by a firm membrane, or 
confined in a “ cellular prison,” they can always accomplish these 
amoeboid movements. This is true of the naked ova as well as of 
any other naked cells, of the “ travelling-cells ” of various kinds of 



Fio 19 —Blood-cells that eat, or phagocytes, fipom 
a naked sea-snall (Thetia), greatly magnified I was 
the first to observe in the blood-cells of this snail the 
important fact that “the blood-cells of the Invertebrates 
are unprotected pieces of plasm, and take in food, by means 
of their iieculiar movements, like the Amoebae.” I bad 
(at Naples, on May 10th, 1859) injected into the blood-vessels 
of one of these snails an infusion of water and ground 
indigo, and was greatly astomshed to find the blood-cells 
themselves more or less filled with the particles of indigo 
after a tew hours After repeated iniections I succeeded 
in “observing the very enhance of the coloured particles 
into the blood-cells, which took place iust m the same way 
as with the Amoeba ” I have given further particulars 
about this in my Mononrajth cm the Badwlarm. 



THE OVUM AND THE AMCEBA 101 

connective tissue, of the mesenchymic cells, lymph-cells, mucus- 
cells, etc. 

We have now, by our study of the ovum and the comparison of 
it with the Amoeba, provided a perfectly sound and most valuable 
foundation for both the embryology and the evolution of man. We 
have learned that the human ovum is a simple ceU, that this ovum 
is not materially different from that of other Mammals, and that we 
may conclude from it to the existence of a primitive unicellular 
ancestral form, with a substantial resemblance to the Amoeba. 

The statement that the earliest progenitors of the human race 
were simple cells of this kind, and led an independent unicellular 
life like the Amoeba, has not only been ridiculed as the dream of a 
natural philosopher, but also been violently censured in theological 
journals as “ shameful and immoral.” But, as I observed in my 
essay On the Origin and Ancestral Tree of the Hnnian Race in 1870, 
this offended piety must equally protest against the “ shameful and 
immoral” fact that each human individual is developed from a 
simple ovum, and that this human ovum is indistinguishable from 
those of the other Mammals, and in its earliest stage is like a naked 
Amoeba. We can show this to be a fact any day with the microscope, 
and it is little use to close one’s eyes to “immoral” facts of this 
kind. It is as indisputable as the momentous conclusions we draw 
from it and as the vertebrate character of man (see Chapter XI.). 

We now see very clearly how extremely important the cell-theoi*y 
has been for our whole conception of organic nature. “ Man’s place 
in nature ” is settled beyond question by it. Apart from the cell- 
theory, man is an insoluble enigma to us. Hence philosophers, and 
especially physiologists, should be thoroughly conversant with it. 
The soul of man can only be really understood in the light of the 
cell-soul, and we have the simplest form of this in the Amoeba. 
Only those who are acquainted with the simple psychic functions of 
the unicellular organisms and their gradual evolution in the series of 
lower animals can understand how the elaborate mind of the higher 
Vertebrates, and especially of man, was gradually evolved from them. 
The academic psychologists who lack this zoological equipment are 
unable to do so. 

This naturalistic and realistic conception is a stumbling-block to 
our modern idealistic metaphysicians and their theological colleagues. 
Fenced about with their transcendental and dualistic prejudices, they 
attack not only the monistic system we establish on our scientific 
knowledge, but even the plainest facts which go to form its founda- 
tion. An instructive instance of this was seen a few years ago, in 



102 


THE OVUM AND THE AMGBBA 


the academic discourse delivered by a distinguished theologian, 
WiUibald Beyschlag, at Halle, January 12th, 1900, on the occasion 
of the centenary festival. The theologian protested violently against 
the “materialistic dustmen of the scientific world who offer our 
people the diploma of a descent from the ape, and would prove to 
them that the genius of a Shakespeare or a Goethe is merely a dis- 
tillation from a drop of primitive mucus.” Another well-known 
theologian protested against “ the horrible idea that the greatest of 
men, Luther and Christ, were descended from a mere globule of 
protoplasm.” Nevertheless, not a single informed and impartial 
scientist doubts the fact that these greatest men were, like all other 
men — and all other Vertebrates — developed from an impregnated 
ovum, and that this simple nucleated globule of protoplasm has the 
same chemical constitution in all the Mammals. 

The actual Amoebse and other unicellular organisms (Arcella, 
Eadiolaria, etc.) are of great importance for our conclusion, because 
they exhibit these single cells to us in permanent independence, as 
autonomous cells. The human organism and that of the other 
higher animals are only one-celled in the earliest stage of existence. 
As soon as the ovum is fertilised, it increases by segmentation, and 
forms a group or colony of social cells, a cell-community. These 
take on different forms, and, by a division of labour among the cells 
and their development along different lines, the multifarious tissues 
that make up the animal body are produced. Thus the mature 
multicellular organism of man and the other higher animals and 
plants IS a Inston (or “ tissue-body ”), a social community of the 
various kinds of tissue-cells. The innumerable organic units in this 
“ histon ” may vaiy considerably when their development is 
complete, but they were originally simple cells of tlie same type, 
the equal citizens of the cell-state. 
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FEETILISATION 

The meaning of sexnal reproduction. Nature of conception ; fusion of the female 
ovum and male spermatozoon. Various forms of the sperm-cells (usually cone- 
shaped flagellate cells). Theory of the spermatozoa. Inheritance from both 
parent-cells. The new stem-cell or cytula. Its hermaphroditic character. 
Process of fertilisation of ovum : release of the germinal vesicle and extrusion 
of the directing body Penetration of a spermatozoon into the body of the 
ovum : movement and blending of the two pronuclei. Pormation of the stem- 
nucleus [atchicarymi), the vehicle of inheritance. Older theones of concep- 
tion. Importance and equal share of the two sexual cells. Male microspores 
and female macrospores. Polyspermism of the chloroformed ovum. Import- 
ance of this fact in psychology, the theory of the cell-soul and personal 
immortality. Impermanence of aU that is personal and individual. 

The recognition of the fact that every man begins his individual 
existence as a simple cell is the solid foundation of all research into 
the genesis of man. TVom this fact we are forced, in virtue of our 
hiogenetio law, to draw the weighty phylogenetic conclusion that the 
earliest ancestors of the human race were also unicellular organisms ; 
and among these Protozoa we may single out the vague form of the 
Amoeba as particularly important (cf. Chapter YI.). That these 
unicellular ancestral forms did once exist follows directly from the 
phenomena which we perceive every day in the fei*tilised ovum. 
The development of the multicellular organism from the ovum, and 
the formation of the germ-layers and the tissues, follow the same 
laws in man and all the higher animals. It will, therefore, be our 
next task to consider more closely the impregnated ovum and the 
process of fertilisation which produces it. 

The process of impregnation or sexual reproduction is one of 
those phenomena that people love to conceal behind the mystic veil 
of supernatural power. We shall soon see, however, that it is a 
purely mechanical process, and can be reduced to familiar physio- 
logical functions. Moreover, it is of the same type, and is effected 
by the same organs, in man as in all the other Mammals. The 
pairing of the male and female has in both cases for its main 
purpose the introduction of the mature matter of the male seed or 
sperm into the female body, in the sexual ducts of which it encounters 
the ovum. Conception then ensues by the blending of the two. 
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We must observe, first, that this important process is by no 
means so widely distributed in the animal and plant world as is 
commonly supposed. There is a very large number of lower 
organisms which propagate asexually, or by monogony, especially 
the sexless Monera (Chromacea, Bacteria, etc.), but also many other 
Protists, such as the Amoebae, Eoraminifera, Radiolaria, Myxomycetse, 
etc. In these there is no fertilisation whatever ; the multiplication 
of individuals and propagation of the species take place by asexual 
reproduction, which takes the form of cleavage, budding, or spore- 
formation. The copulation of two coalescing cells, which in these 
cases often precedes the reproduction, cannot be regarded as a sexual 
act when the two copulating plastids differ in size or structure 
(microspores and macrospores). On the other hand, sexual repro- 
duction is the general rule with all the higher organisms, both animal 
and plant ; very rarely do we find asexual reproduction among them. 
There are, in particular, no cases of parthenogenesis (virginal con- 
ception) among the Vertebrates. 

Sexual reproduction offers an infinite variety of interesting forms 
in the different classes of animals and plants, especially as regards 
the mode of conception and the conveyance of the spermatozoon to 
the ovum. These features are of great importance not only as 
regards conception itself, but for the development of the organic form, 
and especially for the differentiation of the sexes. There is a 
particularly curious correlation of plants and animals in this respect. 
The splendid studies of Charles Darwin and Hermann Muller on the 
fertilisation of flowers by insects have given us very interesting 
particulars of this.^ This reciprocal service has given rise to a most 
intricate sexual apparatus. Ecxually elaborate structures have been 
developed in man and the higher animals, serving partly for the 
isolation of the sexual products on each side, partly for bringing 
them together m conceiition. But, however interesting these pheno- 
mena are in themselves, we cannot go into them liere, as they have 
only a minor importance — if any at all — in the real process of 
conception. We must, however, try to get a very clear idea of this 
process and the meaning of sexual reproduction. 

In every act of conception we have, as I said, to consider two 
different kinds of cells — a female and a male cell. The female cell 
of the animal organism is always called the ovum (or ovalum, egg, 
or egg-cell) , the male cells are known as the sperm or seed-cells, or 
the spermatozoa (also spermium and zoospermium). The female 

1 See Dar\\ai h woik, 0)t the Vai tuuN Contt u'tnicei, hy winch Orchuln are Fet iih&ed (186d). 
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ovum, the form and composition of which we have already con- 
sidered, is of the same simple natmre in the early stages in aU animals. 
It is at first merely a globular naked cell, consisting of protoplasm 
and a nucleus (Fig. 13). When it has freedom to move, it often 
makes slow amoeboid movements, as we have seen in the case of the 
ovum of the sponge (Fig. 18). But, as a rule, it is enclosed subse- 
quently by a number of very different, and often very complicated, 
shells or membranes. The ripe ovum is, on the whole, one of the 
largest cells we know. It attains colossal dimensions when it 
absorbs great quantities of nutritive yolk, as is the case with birds 
and reptiles and many of the fishes. In the great majority of the 
animals the mature ovum is rich in yolk and much larger than the 
other cells. 

On the other hand, the next cell which we have to consider in 
the process of conception, the male sperm-cell or spermatozoon, is 
one of the smallest cells in the animal body. Conception usually 
consists in bringing into contact with the ovum a slimy fluid secreted 
by the male, and this may take place either inside or out of the 
female body. This fluid is called sperm, or the male seed. Sperm, 
like saliva or blood, is not a simple fluid, but a thick agglomeration 
of innumerable cells, swimming about in a comparatively small 
quantity of fluid. It is not the fluid, but the independent male cells 
that swim in it, that cause conception. 

The spermatozoa of the great majority of animals have two 
characteristic features. Firstly, they are extraordinarily small, 
being usually the smallest cells m the body; and, secondly, they 
have, as a rule, a pecuharly lively motion, which is known as 
spermatozoic motion. The shape of the cell has a good deal to do 
with this motion. In most of the animals, and also in many of the 
lower plants (but not the higher), each of these spermatozoa has a 
very small, naked cell-body, enclosing an elongated nucleus, and a 
long thread hanging from it (Fig. 20). It was long before we could 
recognise that this structure is a simple cell. They were formerly 
held to be special organisms, and w’ere called “seed-animals” 
(spermato-zoa, or spermato-zoidia) ; they are now scientifically 
known as spermia or spermidia, or as sjiennatosomata (seed-bodies) 
or spermatofila (seed threads). It took a good deal of comparative 
research to convince us that each of these spermatozoa is really a 
simple cell. They have the same shape as in many other Verte- 
brates and most of the Invertebrates However, in many of the 
lower animals thev have quite a different shape. Thus, for instance, 
in the crayfish they are large round cells, without any movement, 
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equipped with stiff outgrowths like bristles (Fig. 21/). They have 
also a peculiar form in some of the worms, such as the thread- 
worms (Filaria ) ; in this case they are sometimes amoeboid and like 
very small ova (Fig. 21 c~e). But in most of the lower animals 
(such as the Sponges and Polyps) they have the same pine-cone shape 
as in man and the other Mammals (Fig. 21 a, h). 

When the Dutch naturalist Leeuwenhoek discovered these thread- 
like lively particles in 1677 in the male sperm, it was generally 
believed that they were special, independent, tiny animalcules, like 
the Infusoria, and so were called “ seed-animals ” or spermatozoa. 
I have already mentioned that they played an important part in the 
pre-formation theory, as it was believed that the whole mature 



Fig 20 —Spermatozoa from the male sperm of various Mammals. The pear- 
shaped flattened nucleus of the soed-oell (the so-called "head of the Rpennatozoon ”) is 
seen from the front in I , and sidewajs in II k is the nucleus, m its middle part (proto- 
plasm), 8 the mobile, serpcnt-like tail (or whip) , M four human siieniiatozoa, A four 
spermatozoa from the ape, K from the rabbit, H from the house-mouse, C from the 
dots , H from the pits 

organism existed already, with all its parts, but very small and 
packed together, in each spermatozoon (see p. 24). The sperma- 
tozoa liad only to penetrate into the fertile soil of the female ovum, 
and then the pre-formed body would expand and grow in all its 
parts. This erroneous view is now wholly abandoned , we know by 
tlie most accurate investigation that the mobile spermatozoa are 
nothing but simple and real cells, of the kind that we call 
“flagellate” (equipped with a lash, or flagellum) . In the previous 
illustrations we have distinguished in the spermatozoon a head, 
trunk, and tail. The head ” (Fig. 20 k) is merely the oval nucleus 
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of the cell ; the body or middle-part (m) is an accumulation of cell- 
matter ; and the tail (s) is a thread-like prolongation of the same. 

Moreover, we now know that these spermatozoa are not at all a 
peculiar form of cell; precisely similar cells are found in various 
other parts of the body. If they have many short lashes projecting, 
they are called ciliated ; if only one long, whip-shaped process (or, 
more rarely, two or four), flagellate cells. Flagellate cells, like those 
of the spermatozoa, are found in the gastric cells of the Sponges and 
the Coelenterates. 

Very careful recent examination of the spermia, under a verj’ 
high microscopic power (Fig. 22 a, b), has detected some further 
details in the finer structure of the cell, and these are common to 
man and the anthropoid ape. The head [Ic) encloses the elliptic 
nucleus in a thin envelope of cyto- 
plasm ; it is a little flattened on one 
side, and thus looks rather pear- 
shaped from the front (b). In the 
central piece (?«) we can distinguish 
a short neck and a longer connective 
piece (with centrosome). The tail 
consists of a long main section (h) 
and a short, very fine tail (e). 

The process of fertilisation by 
sexual conception consists, therefore, 
essentially in the coalescence and 
blending together of two different 
cells. The most curious opinions 
prevailed about this act formerly. 

People always saw something mystic 
about it, and framed the most mar- 
vellous hypotheses on it. It is only in the last ten years that 
we have learned that the process of conception is really very 
simple and has no element of the mysterious. The essence of 
it is that a male spermatozoon combines wdth a female ovum. The 
lively spermatozoon travels towards the ovum by its serpentine 
movements, and bores its way into the female cell (Fig. 23). The 
nuclei of both sexual cells, attracted by a certain “ affinity,” approach 
each other and melt into one. 

This would be an admirable iflace for poetic description in the 
most glowing colours of the wonderful mystery of conception and the 
struggle of the Imng spermatozoa, which hover anxiously about the 
ovum, seeking to penetrate into the fine porous canals of the ovoleiniiia 



Fig 21 —Spermatozoa of various 
animals. (From Lang ) n of a fish, 
& of a Turbellarian (with two slde- 
lashes), c-e of a Nematode (amoeboid 
spermatozoa), t from a craj'flsh (star- 
shaped), g from the salamander (with 
undulatmg membrane), ?i of an Anne- 
lid (« and h are the usual shape) 
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and plunge “ consciously ” into the protoplasmic yolk, where they die 
away to find their higher selves. The supporters of teleology, too, 
might pause here to admire the wisdom of the Creator in providing 
these porous canals in the membrane of the ovum for the sperma- 
tozoa to enter through. However, the scientist coldly describes this 
Ijrocess — this “ crowning of love ” — as a blending of two cells and 
the combination of their nuclei. The new cell that arises from the 
process is the simple product of the copulation of the two blending 
sexual cells. 


7l — \ 


Hence the fertilised cell is quite another thing from 
the unfertilised cell. For if we must regard the spermia 
as real cells no less than the ova, and the process of con- 
ception as a coalescence of the two, we must consider 
the resultant cell as a quite new and independent 
organism. It bears in the cell and nuclear matter of 
the penetrating spermatozoon a part of the father’s 
body, and in the protoplasm and caryoplasm of the 
ovum a part of the mother’s body. This is clear from 
the fact that the child inherits many features from both 
parents. It inherits from the father by means of the 
spermatozoon and from the mother by means of the 
ovum. The actual blending of the two cells produces a 
third cell, which is the germ of the child, or the 
new organism conceived. One may also say of 
this sexual coalescence that the stem-cell is a 
simple lie) niaphroditc ; it unites both sexual sub- 
stances in itself. 

I think it necessary to emphasise the funda- 
mental importance of this simple, but often un- 
aiipreciated, feature in order to have a correct and 
clear idea of conception. Witli tliat end, I have 
given a special name to the new cell from wliich 
the child develops, and wliich is generally loosely 
called “ the fertilised ovum ” or “ the first seg- 
mentation-sphere.” I call it “the stem-cell” 
{cijtala or urchicijtos), its cell-matter “ the stem- 
])lasni ” {((rcJuplasina or cytiiloplasma), and its nucleus “ tlie stem- 
nucleus ” ia)cJiica)'!/on or cytulocaryon). The name “stem-cell” 
seems to me the simiilest and most suitable because all the 
other cells of the liody are derived from it, and because it is, 
in the strictest sense, the stem-father and stem-mother of all 
the countless generations of cells of which the multicellular 
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Fig, 22 —A single 
human spermato- 
zoon maf^mlied 2,000 
timeb, a sIiowh it 
from the broader 
and b irom tbe nar- 
rower Hide Ic head 
(with nucleus), m 
niidrtle-stem, 7? long- 
stem, and e tail 
(From liet-.iiiH.) 
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organism is to be composed. That complicated molecular move- 
ment of the protoplasm which we call “life” is, naturally, 
something quite different in this stem-cell from what we find in the 
two parent-cells, from the coalescence of which it has issued. The 
life of the stem-cell or cytida is the product or resultant of the 
paternal life-movement that is conveyed in the spermatozoon and the 
maternal life-movement that is contributed by the ovum. On the 
principle of the parallelogram of forces, it may be said that the 
potential energy of the stem-cell is the diagonal of the parallelogram, 
while its two sides represent the potential energy of the paternal 
spermatozoon and that of the maternal ovum. The combined 
potential energy of the two, or the hereditary potentiality, is 
converted into living force as soon as the individual development 
of the stem-cell begins after the coalescence. 

The admirable work done by 
recent observers has shown that 
the individual development, in man 
and the other animals, commences 
with the formation of a simple 
“ stem-cell ” of this character, and 
that this then passes, by repeated 
segmentation (or cleavage), into a 
cluster of cells, knowm as the “ seg- 
mentation - cells ’ ’ {setjmeiitella or 
blastomera) . Until 1875 there was 
a spirited controversy as to the 
origin of the stem-cell, and as to 
the real behaviour of the sperma- 
tozoon and the ovum in its for- 
mation, or at conception. It had 
been generally assumed that the original nucleus of the ovum, called 
the germinal vesicle, remained unchanged at conception, and passed 
over directly to the stem-nucleus (or nucleus of “the first segmen- 
tation-cell”). However, most modern observers are convinced that 
the germinal vesicle sooner or later disappears, and that the stem- 
nucleus is a new formation. But there were different opinions as to 
the mode of formation of this new nucleus of the stem-cell. Some 
thought that the germinal vesicle disappeared before impregnation 
and some after. Some said that it was thrust out of the ovum, 
and others that it melted away in the yolk. Some believed that it 
was wholly, and others that it was only partially, lost. All these 
contradictory opinions and difficulties about these important processes 



Fig. 23 —The fertUisatlon of the 
ovum by the spermatozoon (of a 
mammal). One of the many thread- 
like, hvely spermidia pierces through 
a fine pore-canal into the nuclear yolk. 
The nucleus of the ovum is invisible. 
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have now been happily settled. The solution began in 1875, when 
a number of very careful microscopic studies of them were published 
about the same time, especially those of Oscar Hertwig and Edward 
Strasburger (both then at Jena), Edward Van Beneden, 0. Biitschli, 
etc. By the work of these many succeeding observers we have 
gradually come to a happy agreement as to the essential features of 
conception, and are convinced that it has the same physiological 
features in the whole animal and plant worlds. This is most clearly 
observed in the ova of the Echinoderms (star-fishes, sea-urchins, 
sea-cucumbers, etc.). The investigations of Oscar and Eichard 
Hertwig were chiefly directed to these. The main results may be 
summed up as follows : — 

Fertilisation is preceded by certain preliminary changes, which 
are very necessary — in fact, usually indispensable — for its occurrence. 



Fig 24 



Pig 24 —An unfertilised ovum of an Echinoderm, with nucleai netwoik ajid dark 
nucleolus in the large globular germinal vesicle (Prom Hertwiy ) 

Pig 25 —An Impregnated Echinoderm ovum, with small homogeneous nucleus (e k). 
IProm Hertwta ) 


They are comprised under the general heading of “ Changes prior to 
impregnation.” In these the original nucleus of tlie ovum, the 
germinal vesicle, is lost. Part of it is extruded, and part dissolved 
in the cell-contents , only a very small part of it is left to form the 
Ihisis of a fresh nucleus, the •proniiclcm femntmiis. It is the latter 
alone that combines in conception with the invading nucleus of the 
fertilising spermatozoon {the proiiiicle ns mascnliims) . 

Tlie impregnation of the ovum commences with a decay of the 
germinal vesicle, or the original nucleus of the ovum (Fig 24). We 
liave seen that this is in most unripe ova a large, transparent, 
globular vesicle This germinal vesicle contains a viscous fluid 
(the caniolijuiph) The firm nuclear frame {caryobasis) is formed of 
the enveloping membrane and a mesh-work of nuclear threads 


FERTILISATION 


111 


running across the interior, which is filled with the nuclear sap. In 
a knot of the network is contained the dark, stiff, opaque nuclear 
corpuscle or nucleolus. When the impregnation of the ovum sets in, 
the gi*eater paii of the germinal vesicle is dissolved in the cell ; the 
nuclear membrane and mesh-work disappear; the nuclear sap is 
distributed in the protoplasm ; a small portion of the nuclear base 
is extruded ; another small portion is left, and is converted into the 
secondary nucleus, or the female pro-nucleus (Fig. 25 e. k). 

The small portion of the nuclear base which is extruded from the 
impregnated ovum is known as the “ directive bodies ” or “ polar 
cells there are many disputes as to their origin and significance, 
but we are as yet imperfectly acquainted with them. . As a rule, they 
are two small round gi'anules, of the same size and appearance as 
the remaining pro-nucleus. The polar bodies arise successively by 
the constriction or cleavage of that part of the nuclear base (probably, 
as a rule, the germinal spot) which also forms the female pro-nucleus. 
We may, therefore, regard this cleavage-process, in w’hich the 
surrounding protoplasm shares, as a twice-repeated cell division, or, 
rather, as a gemmation (budding) of cells; because the two parts 
into which the impregnated ovum divides each time are not of the 
same size and appearance. The two small polar bodies are detached 
cell-buds ; their separation from the lai’ge mother-cell takes place in 
the same way as in ordinary “indirect cell-division,” with the 
formation of nuclear spindle, plasma-stars, polar radiation, halving 
of the nuclear spindle, mitosis, etc. Hence, the polar bodies are 
probably to be conceived as “abortive ova,” or “ rudimentary ova,” 
which proceed from a simple original ovum by cleavage in the same 
way that several sperm-cells arise from one spermatoblast, or one 
“ sperm- mother- cell,” in spermatogenesis. The male sperm-cells in 
the testicles must undergo similar changes, in view of the coming 
impregnation, as the ova in the female ovary. In this maturing of 
the sperm each of the original seed-cells {spemmtohlasts or spermato- 
gonia) divides by double segmentation into four daughter-cells, each 
furnished with a fourth of the original nuclear matter (the hereditary 
chromatin) ; and each of these four descendant cells becomes a 
spermimn or spermatozoon, ready for impregnation. Thus is pre- 
vented the doubling of the chromosomes and the hereditative 
chromatin in the coalescence of the two nuclei at conception. As 
the two polar bodies are extruded and lost, and have no further part 
in the fertilisation of the ovum, we need not discuss them any 
further. But we must give more attention to the female pro-nucleus 
which alone remains after the extrusion of the polar bodies and the 
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dissolving of the germinal vesicle (Fig. eh). This tiny round 
corpuscle of chromatin now acts as a centre of attraction for the 
invading spermatozoon in the large mature ovum, and coalesces with 
its “head,” the male pro-nucleus. The product of this blending, 
which is the most important part of the act of impregnation, is the 
stem-nucleus, or the first segmentation nucleus iarchicaryon ) — that 
is to say, the nucleus of the new-born embryonic stem-cell or “ first 
segmentation-cell” {archicytos or cytiila). This stem-cell is the 
starting-point of the subsequent embryonic processes. 

Hertwig has shown that the tiny transparent ova of the 
Bchinoderms are the most convenient for following the details of 
this important process of impregnation. We can, in this case, 
easily and successfully accomplish artificial impregnation, and follow 
the formation of the stem-cell step by step within the space of ten 


A 



Fig 26 .— Impregnation of the ovum of a Star-fish. (From Hertimrj ) Only a smaU 
part of the surface of the ovum is shown. One of the numerous spermatozoa approaches 
the “impregnation-i'ise'’ (.4), touches it (^}, and then penetrates into the protoplasm of 
the ovum (C). 

minutes. If we put mature ova of the star-fish or sea-urchin in a 
w’atch-glass with sea- water and add a drop of mature sperm-fluid, 
we find each ovum impregnated within five minutes. Thousands of 
tlie fine, mobile ciliated cells, which we have described as “ sperm- 
tlireads ” (Fig. 20), make their way to the ova, owing to a sort of 
chemical sensitive action which may be called “smell.” But only 
one of these innumerable spermatozoa is chosen — namely, the one 
that first reaches the ovum by the serpentine 'motions of its tail, 
and touches the ovum with its head. At the spot where the point 
of its head touches the surface of the ovum the protoplasm of the 
latter is raised in the form of a small wart, the “impregnation-rise” 
(Fig. 26 A). The spermatozoon then bores its way into this with its 
head, the tail outside wriggling about all the time (Fig. 26 B, C). 
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Presently the tail also disappears within the ovum. At the same 
time the ovum secretes a thin external membrane (Pig. 26 C), 
starting from the point of impregnation ; and this prevents any more 
spermatozoa from entering. 

Inside the impregnated ovum vre now see a rapid series of most 
important changes. The pear-shaped head of the sperm-ceU, or the 
head of the spermatozoon,” grows larger and rounder, and is 
converted into the male pro-nucleus (Pig. 27 s k). This has an 
attractive influence on the fine granules or microsomes which are 
distributed in the protoplasm of the ovum ; they arrange themselves 
in lines in the figure of a star {cytiilaste}). But the attraction or the 
“affinity” between the two nuclei is even stronger. They move 
towards each other inside the yolk -with increasing speed, the male 
(Pig. 28 s h) going more quickly than the female nucleus {e h). The 
tiny male nucleus takes with it the radiating mantle which spreads 




Impregnation of the ovum of the Sea-Urchin. (Prom He rtwio ) In Pig. 27 the little 
sperm-nucleu8 (s h) moves towards the larger nucleus of the ovum (e k) In Fig 28 they 
nearly touch, and aore surrounded by the radiating mantle ot protoplasm. 

like a star about it. At last the two sexual nuclei touch (usually in 
the centre of the globular ovum), lie close together, are flattened at 
the points of contact, and coalesce into a common mass. The small 
central particle of nuclein which is formed from this combination of 
the nuclei is the stem-nucleus, or the first segmentation-nucleus 
{arcliicaryon or cytiilocaryon) ; the new-formed cell, the product of 
the impregnation, is our stem-cell, or “ first segmentation-cell ” 
{cytiila or archicytos, Pig. 29). 

Hence the essential point in the process of sexual reproduction 
or impregnation is the formation of a new cell, the stem-ceU. This 
cytula is always the resultant of the combination of two originally 
different cells, the female ovum and the male spermatozoon. This 
process is of the highest importance, and merits our closest attention ; 

I 
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all that happens in the later development of this first cell and in the 
life of the organism that comes of it is determined from the first by 
the chemical and morphological composition of the stem-cell, its 
nucleus and its body. We must, therefore, make a very careful 
study of the rise and structure of the stem-cell. 

The first question that arises is as to the behaviour of the two 
different active elements, the nucleus and the protoplasm, in the 
actual coalescence. It is obvious that the nucleus plays the more 
important part in this. Hence Hertwig puts his theory of fertilisa- 
tion in the principle : “ Fertilisation consists in the copulation of 
two cell-nuclei, which come from a male and a female cell.” And 
as the phenomenon of heredity is inseparably connected with the 
reproductive process, we may further conclude that these two 
copxjlating nuclei “ convey the characteristics which are transmitted 
from parents to offspring.” In this 
sense I had in 1866 (in the ninth 
chapter of the Generelle Moi-phologie) 
ascribed to the reproductive nucleus 
the function of generation and here- 
dity, and to the nutritive protoplasm 
the duties of nutrition and adaptation. 
As, moreover, there is a complete 
coalescence of the mutually attracted 
nuclear substances in conception, and 
the new nucleus formed (the stem- 
nucleus) is the real starting-point for 
the development of the fresh organism, 
the further conclusion may be drawn 
that the male nucleus conveys to the 
child the qualities of the father, and the 
female nucleus the features of the mother. We must not forget, 
liowever, that the protoplasmic bodies of the copulating cells also 
fuse together in the act of impregnation ; the cell-body of the invading 
spermatozoon (the trunk and tail of the male cell) is dissolved in the 
yolk of the female ovum. This coalescence is not so important as 
that of the nuclei, but it must not be overlooked ; and, thougli this 
])rocess is not so well known to us, we see clearly at least the 
formation of the star-like figure (the radial arrangement of the 
inicrosomes in the plasm) in it (Figs. 27-29). 

Mention must also be made of the reciprocal action of the cell- 
constituents on both sides. The formation of the protoplasmic star 
around the invading male nucleus, and afterwards round the 



Fia. 29.— Stem-cell or cytula of a 
Sea-Urchin (first segmentation - cell, 
or Impregnated ovum). (From Hert- 
vng.) In the centre of the globulai 
cell IS the small glolinlar stem-nucleus 
or segmentation-nucleus (//c). 
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copulated stem-nucleus, suggests the idea that this alone has an 
active influence on the arrangement of the granules and threads in 
the protoplasm. However, the reproductive nucleus itself changes 
its size, shape, and consistency, and is on its side influenced, from 
the conditions under which it is nomdshed, by the nutritive proto- 
plasm. How close the interaction of the two elements is can be 
seen at once from the above-mentioned preliminary processes of the 
maturing of the ovum before impregnation, and from the segmenta- 
tion processes that follow it. In both cases we observe the complete 
phenomena of caryokinesis and mitosis, which are found always in 
indirect cleavage, and which reveal to us the significant interaction 
of cell-nucleus and cell-body. These phenomena have also been 
called caryolysis, or the “dissolving of the nucleus in the proto- 
plasm.” This may be granted up to a certain point, and used in 
support of our Monera-theory — ^for the belief that the oldest and 
simplest organisms were unnudeated plastids, and that the real 
unicellular forms of life were subsequently developed from these by 
the cleavage of nucleus and cell-body. (Of. the Nineteenth Chapter.) 

The older theories of impregnation generally went astray in 
regarding the large ovum as the sole base of the new organism, and 
only ascribed to the spermatozoon the rdle of stimulating and 
originating its development. The stimulus which it gave to the 
ovum was sometimes thought to be purely chemical (a catalytic 
process), at other times rather physical (on the principle of trans- 
ferred movement), or again quite dualistic (that is, a mystic and 
transcendental process). This error was partly due to the imperfect 
knowledge at that time of the facts of impregnation, and partly to 
the striking difference in size of the two sexual cells. Most of the 
earlier observers thought that the spermatozoon did not penetrate 
into the ovum. And even when this had been demonstrated, the 
spermatozoon was believed to disappear in the ovum without leaving 
a trace. However, the splendid research made in the last three 
decades with the finer technical methods of our time has completely 
exposed the error of this. It has been shown that the tiny sperm- 
cell is not subordinated to, hut co-ordinated with, the large ovum. 
The nuclei of the two cells, as the vehicles of the hereditary features 
of the parents, are of equal physiological importance. 

In some cases we have succeeded in proving that the mass of the 
active nuclear substance which combines in the copulation of the 
two sexual nuclei is originally the same for both. Edward Van 
Beneden has shown that in the ovum of the hoi*se maw- worm 
(Ascaria merjalocephala) the union of the two sexual nuclei is delayed 
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until the stem-cell created begins to divide. The characteristic 
nuclear spindle which is then formed, and which falls into the nuclei 
of the two first segmentation daughter-cells, is formed half of the 
nucleus of the ovum and half of the sperm-nucleus; of the four 
“daughter-loops” of the segmentation spindle two are of male and 
two of female origin. 

These morphological facts are in perfect harmony with the 
familiar physiological truth that the child inherits from both parents, 
and that on the average they are equally distributed. I say “ on the 
average,” because it is well known that a child may have a greater 
likeness to the father or to the mother ; that goes without saying, as 
far as the primary sexual characters (the sexual glands) are con- 
cerned. But it is also possible that the determination of the latter 
— the weighty determination whether the child is to be a boy or a 
girl — depends on a slight qualitative or quantitative difference in the 
nuclein, or the chromatic nuclear matter, which comes from both 
parents in the act of conception. 

The striking differences of the respective sexual cells in size and 
shape, which occasioned the erroneous views of earlier scientists, are 
easily explained on the principle of division of labour. The inert, 
motionless ovum grows in size according to the quantity of provision 
it stores up in the form of nutritive yolk for the development of the 
germ. The active swimming sperm-cell is reduced in size in pro- 
portion to its need to seek the ovum and bore its way into its yolk. 
These differences are very conspicuous in the higher animals, but 
they are much less in the lower animals In those Protists (unicel- 
lular plants and animals) which have the first rudiments of sexual 
reproduction the two copulating cells are at first quite equal. In these 
cases the act of ^impregnation is nothing more than a sudden groivth, 
in which the originally simple cell doubles its volume, and is thus 
prepared for reproduction (cell-division). Afterw^ards slight differ- 
ences are seen in the size of the copulating cells ; though the smaller 
microspores (or microgonidia) still have the same shape as the larger 
macroapores (or viacmjonidia). It is only when the difference in 
size is very pronounced that a notable difference in shape is found : 
the sprightly sperm-cell changes more in shape, and the ovum in 
size. 

Quite in harmony with this new conception of the equivalence, or 
the equal pliysiological importance, of the male and female sex-cells 
and tlieir equal sliare in the process of heredity, is the important 
fact established by Hertwig (1875), that in normal impregnation 
only one single spermatozoon copulates with one ovum ; the 
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membrane which is raised on the surface of the yolk immediately 
after one sperm-cell has penetrated (Fig. 26 C) prevents any others 
from entering. All the rivals of the fortunate penetrator are excluded, 
and die without. But if the ovum passes into a morbid state, if it 
is made stiff by a lowering of its temperature or stupefied with 
narcotics (chloroform, morphia, nicotine, etc.), two or more sperma- 
tozoa may penetrate into its yolk-body. We then witness poly- 
spermism. The more Hertwig chloroformed the ovum, the more 
spermatozoa were able to bore their way into its unconscious body. 

These remarkable facts of impregnation are also of the greatest 
interest in psychology, especially as regards the theory of the cell- 
soul, which I consider to be its chief foundation. All the phenomena 
we have described can only be understood and explained by ascribing 
a certain lower degree of psychic activity to the sexual principles. 
They feel each other’s proximity, and are drawn together by a 
sensitive impulse (probably related to smell) ; they move towards 
each other, and do not rest until they fuse together. Physiologists 
may say that it is only a question of a peculiar physico-chemical 
phenomenon, and not a psychic action; but the tw’o cannot be 
separated. Even the psychic functions, in the strict sense of the 
word, are only complex physical processes, or “psycho-physical” 
phenomena, which are determined in all cases exclusively by the 
chemical composition of their material substratum. 

The monistic view of the matter becomes clear enough when 
we remember the radical importance of impregnation as regards 
heredity. It is well known that not only the most delicate bodily 
structures, but also the subtlest traits of mind, are transmitted from 
the pai-ents to the children. In this the chromatic matter of the 
male nucleus is just as important a vehicle as the large caryoplasmic 
substance of the female nucleus: the one transmits the mental 
features of the father, and the other those of the mother. The 
blending of the two parental nuclei determines the individual psychic 
character of the child. 

But there is another important psychological question — the most 
important of all — that has been definitely answ^ered by the recent 
discoveries in connection with conception. This is the question of 
personal immortality. This dogma, which we meet in the most 
varied forms among uncivilised peoples, occupies an important place 
also in the higher conceptions of civilised nations. But the fact that 
it is untenable has been growing clearer and clearer during the last 
fifty years, chiefly through the vast progress we have made in com- 
parative morphology, experimental physiology, empirical psychology, 
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psychiatry, monistic anthropology, and ethnography. However, no 
fact throws more light on it and refutes it more convincingly than 
the elementary process of conception that we have described. For 
this copulation of the two sexual nuclei (Figs. 27-29) indicates the 
precise moment at which the individual begins to exist. All the 
bodily and mental features of the new-born child are the sum-total 
of the hereditary qualities which it has received in reproduction 
from parents and ancestors. All that man acquires afterwards in 
life by the exercise of his organs, the influence of his environment, 
and education — in a word, by adaptation — cannot obliterate that 
general outline of his being which he inherited from his parents. 
But this hereditary disposition, the essence of every human soul, is 
not eternal,” but “temporal”; it comes into being only at the 
moment when the sperm-nucleus of the father and the nucleus of 
the maternal ovum meet and fuse together. 

It is clearly irrational to assume an “eternal life without end” 
for an individual phenomenon, the commencement of which we 
can indicate to a moment by direct visual observation. But the 
unbroken chain of plasma-movements which we comprise under the 
title of a man's “soul” is just such an individual phenomenon. 
This chain of molecular movements begins at the moment when the 
paternal nucleus fuses with the maternal. From the stem-nucleus 
thus produced it is transmitted, in the repeated segmentation, to all 
the similar cells of the germ-layer. When these blastodermic 
cells grow into the two primary germ-layers of the gastrula, the 
first division of labour in the cells takes place ; and this continues 
when the various tissues arise from them. Later, in man and the 
higher animals, it is only the central nerve-cells which are the 
primary organs of psychic life. At their death the mental life is 
extinguished, just as the faculty of vision perishes with the eye. 

We often hear it said that the belief in immortality is an indis- 
pensable foundation of religion and morality, like the belief in a 
personal God. This opinion is totally opposed to the facts of 
history. In any case it is clear that all that is “ personal ” must be 
transitory, a mere passing phenomenal form in the course of the 
evolutionary process. Hence it is a curious error to speak, as 
Weismann does, of the immortality of the unicellular beings. The 
unicellular Protists are transitory individuals just as truly as the 
multicellular organisms, to which man belongs. It is true that our 
human soul is often regarded as something unique, and credited with 
peculiar powers that are not found in the other Vertebrates. But 
an impartial study of comparative psychology completely disposes 
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of this illusion. We shall see that the special organs of man’s 
mental life are evolved in just the same way as those of other 
Vertebrates. 

The great importance of the process of impregnation in answering 
these and other cardinal questions is quite clear. It is true that 
conception has never been studied microscopically in all its details 
in the human case — notwithstanding its occurrence at every moment 
— for reasons that are obvious enough. However, the two cells 
which need consideration, the female ovum and the male sper- 
matozoon, proceed in the case of man in just the same way as in 
all the other Mammals ; the human foetus or embryo which results 
from copulation has the same form as in the other animals. Hence, 
no scientist who is acquainted with the facts doubts that the 
processes of impregnation are 
just the same in man as in 
the other animals. 

The stem-cell which is pro- 
duced, and with which every 
man begins his career, cannot 
be distinguished in appearance 
from those of other Mammals, 
such as the rabbit (Fig. 30). 

In the case of man, also, this 
stem-cell differs materially 
from the original ovum, both 
in regard to form (morpho- 
logically), in regard to mate- 
rial composition (chemically), 
and in regard to vital proper- 
ties (physiologically). It 
comes partly from the father 
and partly from the mother. Hence it is not surprising that the 
child who is developed from it inherits from both parents.^ 

The vital movements of each of these cells form a sum of 
mechanical processes which in the last analysis are due to move- 
ments of the smallest vital parts, or the molecules of the living 
substance. If we agree to call this active substance plasson and its 



Pig, 30 —Stem-cell of a Rabbit, magnified 
200 times. In tbe centre of the granular proto- 
plasm of the fertilised ovum (d) is seen the little, 
bright stem-nucleus a is the ovolemma, mth 
a mucous membrane (7i). s are dead spermato- 
zoa. 


1 The plasson of the stem-cell or cvtula may, from the anatomical point of view, be 
regarded as homogeneous and structureless, like that of the Monera. This is not incon- 
sistent with our hypothetical ascription to the plastidules (or molecules of the plasson) of 
a complex molecular structure The complexity of this is the greater m proportion to the 
complexity of the organism that is developed from it and the length of the chain of its 
ancestry, or to the multitude of antecedent processes of heredity and adaptation. 
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molecules plastidii^ks, we may say that the individual physiological 
character of each of these cells is due to its molecular plastidule- 
movement. Hence, the plastidiik-'nmemnt of the cytiila is the 
resultant of the combined plastidule-inovemnts of the female ovum 
and the male sperm-cell. If we take the latter two to be the side- 
lines in a parallelogram of forces, the plastidule-movement of the 
stem-cell is its diagonal. I have shown, in my essay on “The 
Perigenesis of the Plastidule, or the Wave-movement of the Vital 
Particles” (1876), the importance of this view for a mechanical 
explanation of the elementary processes of evolution. 



FIRST TABLE 


SUMMAEY OF THE COMPOSITION OF THE ORGANIC 
CELL 

(The Elementaey Organism) 


Constituents of 
the First Order. 


I. Cell-nueleus, 

or Caryon. 

Originally 
composed of 
homogeneous 
nuclear matter 
[ca> yoplasnn) . 


Constituents of 
the Second Order. 


Constituents of 
the Third Order. 


Constituents of 
the Fourth Order. 


1. Caryohasis. 

Chief Nuclear 
Mass 

(stifi, definite 
nuclear matter). 

2 Caryolymph. 
Nuclear Sap 
(soft, formless 
matter). 


^ 1. Caryoniitoma. 
Nuclear 
Skeleton, 
made up of 

A. Chromatin 
(colourable nuclearj 

matter) ; 

B. Achromatin 
(colourless nuclear! 

matter) ; • 

C. Centrosome 
(colourless central 

corpuscle). 


’a) Nucleolinus, 
nuclear point. 

6) Nucleolus, 
nuclear cor- 
puscle. 

c) Caryomita, 
nuclear threads. 

d) Caryotlieha, 
nuclear mem- 
brane. 


II. Cell-body 

{cellevs, or cyto- 
plasin). 

Originally 
composed of 
homogeneous 
cellular matter 
(cytoplasm). 


1. Protoplasma 
Active (living’) 
cell-matter. 


1. Cyto^nitoma 
Cell-skeleton, 
made up of cyto- |- 
mites or proto- 
plasmic threads. 


Filar matter, or 
spongioplasm, 
Mesh-TTork or 
honeycomb 
structure. 


2. Metaplasma. 

Passive (dead) 
cell-matter 

(plasma-products) 

In veiy young 
cells of primary’ 
composition there 
IS no metaplasm , 
the whole cell- 
body consists 
solely of homo- 
geneous proto- 
plasm 


2. A. Internal 
plasma-products 
(stored within 
the protoplasm). 


2 B. Extei nal 
plasma-pi odiicts 
(extruded from 
the protoplasm). 


а) Paraplasma, 
Definite inter- 
filar matter. 

б) Microsmnata, or 
gramila, 

J granules of 
plasm. 

c) Lxposffmata, 
granules of fat. 

d) Cytolymph, 
cell-sap. 

a) Cytotlieka, 
membrane of 
cell. 

Intercellular 

matter. 
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THE GASTR^A-THEOBY' 

Eirst changes after the impregnation of the ovum. The original or palmgenetic 
form of segmentation. Nature of the segmentation-process. Repeated 
cleavage of the stem-cell. Eormation of several segmentation-spheres or 
blastomeres. Mulberry-like structure, or morula. Blastula. Germinal 
membrane or blastoderm. Invagmation of the blastula. Formation of the 
gastrula. Depula, transition from the blastula to the gastrula. Primitive 
gut and primitive mouth. The two primary germ-layers : ectoderm 
(epiblast) and entoderm (hypoblast). Differences between their cells. 
Similarity of the original gastrulation in the most distant groups of the 
animal world. The gastrulation of the Amphioxus; transition from the 
primary (uni-axial) to the secondary (bi-lateral or tri-axial) form of the 
gastrula. Bending of the chief axis. Flattening of the hinder side, large 
growth of the fore-side. The secondary, modified, or oenogenetic forms of 
gastrulation. Significance and unequal distribution of the yolk. Total and 
partial cleavage. Holoblastic and meroblastio ova. Disc-oleavage and diso- 
gastrula : fishes, reptiles, birds. Superficial cleavage and globular gastrula : 
articulata. Permanent two-layered structure of the lower animals. The two- 
layered primitive stem-form : gastraea. Homology of the two primary 
germ-layers. 

There is a substantial agreement throughout the animal world in 
the first changes which follow the impregnation of the ovum and the 
formation of the stem-cell; they begin in all eases with the segmen- 
tation of the ovum and the formation of the germ-layers. The 
only exception is found in the Protozoa, the very lowest and simplest 
forms of animal life , these remain unicellular throughout life To 
this group belong the Amcnbee, Gregarinse, Rhizopods, Infusoria, etc. 
As their whole organism consists of a single cell, they can never 
form germ-layers, or definite strata of cells. But all the other 
animals — all the tissue-forming animals, or Matazoa, as we call them, 
in contradistinction to the Protozoa — construct real germ-layers 

1) y tlie repeated cleavage of the impregnated ovum. This we find in 
the lower Coelenterates and Worms, as -svell as in the more highly- 
developed Molluscs, Echinoderms, Articulates, and Vertebrates. 

’ Ct E. Ra^ Lankebter’s esHajH “On the Primitive Cell-laveis of the Embrvo as the 
Basis of Genealogical Clahsiflcation of the AuiinalB'' {Ann Mau Nat. Hist , vol. xl., 1873) 
and “Notes on the Eiiibi volojfj' and Claasification of the Animal Kingdom” {Quarterly 
Join mil of Microscoiiic Science, vol xvii , 1877), and Francis Balfour’s Manual of Com- 

2 ) arativp Emh) i/oUuji/, and " On the Stiucture and Homology of the Germinal Layers of the 

Embryo ” Journal of Micros Science, WSUi. 
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In all these Metazoa, or multicellular animals, the chief 
embryonic processes are substantially alike, although they often 
seem to a superficial observer to dhffer considerably. The stem-cell 
that proceeds from the impregnated ovum always passes by repeated 
cleavage into a number of simple cells. These cells are all direct 
descendants of the stem-cell, and are, for reasons we shall see 
presently, called segmentation-cells, or segmentation- spheres {blasto- 
mera or segmentella). The repeated cleavage of the stem-cell, which 
gives rise to these segmentation-spheres, has long been known as 
“ segmentation.” Sooner or later the segmentation-cells join 
together to form a round (at first, globular) embryonic sphere 
(blastula) ; they then form into tw’o very different groups, and 
arrange themselves in two separate strata — the two pmnary getm~ 
layers. These enclose a digestive cavity, the primitive gut, with an 
opening, the primitive mouth. We give the name of the gastrula to 
the impoi-tant embryonic form that has these primitive organs, and 
the name of gastrulation to the formation of it. This ontogenetic 
process has a very great significance, and is the real starting-point 
of the construction of the multicellular animal body. 

The fundamental embr^-onio processes of the cleavage of the o\’nm 
and the formation of the germ-layers have been very thoroughly 
studied in the last thirty years, and their real significance has been 
appreciated. They present a striking variety in the different groups, 
and it was no light task to prove their essential identity in the 
whole animal world. But since I formulated the Gastrsea-theory in 
1872, and afterwards (1875) reduced all the various forms of 
segmentation and gastinlation to one fundamental type, their identity 
may be said to have been established. We have thus mastered the 
law of unity which governs the first embiTonic processes in all the 
animals. 

Man IS like all the other higher animals, especially the apes, in 
regard to these earliest and most important processes. As the 
human embryo does not essentially differ, even at a much later stage 
of develoiDment — when we already perceive the cerebral lobes, the 
eyes, ears, gill-arches, etc. — from the similar forms of the other 
higher Mammals (cf. Plate XIII., first row), we may confidently 
assume that they agree in the earliest embryonic processes, segmen- 
tation and formation of germ-layers This has not yet, it is 
true, been established by observation. We have never yet had 
occasion to dissect a woman immediately after imiiregnation and 
examine the stem-cell or the segmentation-cells in her oviduct. 
However, as the earliest human embryos (in the form of blastulae) 
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we have examined, and the later and more developed forms, agree 
with those of the rabbit, dog, and other higher Mammals, no reason- 
able man will doubt but that the segmentation and formation of 
layers are the same in both cases, as Figs. 12-17 on Plate II. 
represent. 

But the special form of segmentation and layer-formation which 
we find in the Mammal is by no moans the original, simple, palin- 
genetic form. It has been much modified and eenogenetically 
altered by a very complex adaptation to embryonic conditions. We 
cannot, therefore, understand it altogether in itself. In order to do 
this, we have to make a comparative study of segmentation and layer- 
formation in the animal world ; and we have especially to seek the 
original, pah7ige'>tetic form from which the modified cenogeoietic form 
has gradually been developed. 

This original palingenetic form of segmentation and layer- 
formation is found to-day in only one case in the vertebrate-stem 
to which man belongs — the lowest and oldest member of the stem, 
the wonderful lancelet or Amphioxus (cf. Chapters XVI. and XVII., 
and Plates XVIII. and XIX.). But we find a precisely similar 
palingenetic form of embryonic development in the case of many of 
the Invertebrate animals, as, for instance, the remarkable Ascidia, 
the pond-snail {Liimmus), the arrow-worm (Sayitta), and many of 
the Echinoderms and Cnidaria, such as the ordinary star-fish and 
sea-urchin, many of the Medusae and Corals, and the simpler Sponges 
(Olyntlius). We may take as an illustration the palingenetic segmen- 
tation and germinal layer-formation in an Octactinian coral, which I 
discovered in the Eed Sea, and described in my Arahisclie Korallen 
as Monoxenia Darwimi. 

The impregnated ovum of this Coral (Pig. 31 A, B) first splits 
into two equal cells (C). First, the nucleus of the stem-cell 
and the dependent centrosome divide into two halves. These 
recede from and repel each other, and act as centres of 
attraction on the surrounding proto])lasm , in consequence of 
this, the protoplasm is constricted by a circular fuiTow, and, 
in turn, divides into two lialvos. Each of the two segmen- 
tation-cells thus produced splits in the same way into two equal 
cells, and, in fact, the plane of cleavage of the latter two lies 
vertically on that of the first (Fig. D). The four familiar segmenta- 
tion-cells (grand-daughters of the stem-cell) lie in one plane. Now, 
liowever, each of them sub-divides into two equal halves, the cleavage 
of tlio nucleus again preceding that of the surrounding protoplasm. 
The eight cells which thus arise break into sixteen, these into thirty- 
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two, and then (each being constantly halved) into sixty-four, 128, 
and so on/ The final result of this repeated cleavage is the formation 
of a globular cluster of similar segmentation-cells, which we call the 
mulberry-formation or morula. The cells are thickly pressed together 
like the parts of a mulberry or blackberry, and this gives a lumpy 
appearance to the surface of the sphere (Fig. E). [Of. also Fig. 3 
on Plate II.] ® 

When the cleavage is thus ended, the mulberry-like mass changes 
into a hollow globular sphere. Watery fluid or jelly gathers inside 
the globule ; the segmentation-cells are loosened, and all rise to the 
surface. There they are flattened by mutual pressure, assume 
the shape of truncated pyramids, and arrange themselves side by 
side in one regular layer (Figs. F, G). This layer of cells is called 
the germinal membrane (blastoderm) ; the homogeneous cells which 
compose its simple structure are called blastodermic cells ; and the 
whole hollow sphere, the walls of which are made of the preceding, 
is called the hlastula, or blastosphere (or vesicula blastodennica) 

In the case of our Coral, and of many other lower forms of animal 
life, the young embryo begins at once to move independently and 
swim about in the water. A fine, long, thread-like process, a sort of 
whip or lash, grows out of each blastodermic cell, and this indepen- 
dently executes vibratory movements, slow at first, but quicker after 
a time (Fig. F). In this way each blastodermic cell becomes a 
ciliated cell. The combined force of all these vibrating lashes causes 
the whole blastula to move about in a rotatory fashion. In many 
other animals, especially those in which the embryo develops within 
enclosed membranes, the vibratory ciliated cells are only formed at 
a later stage, or even not formed at all. The blastosphere may grow 
and expand by the blastodermic cells (at the surface of the sphere) 
dividing and increasing, and more fluid is secreted in the internal 
cavity. There are still to-day some organisms that remain through- 
out life at the structural stage of the blastula — hollow vesicles that 

1 The number of blastomeres or ae«mentation-eellH increnseR Kooinetrically in the 
orif^inal {{astrulation, or the purest palingenetlc form of cleavage However, in different 
arcliiblastic animals the number reaches a different hei^'ht, so that the morula, and also 
the blastula, may consist sometimes of thirty-two, sometiiues of sixty-four, and sometimes 
of 1-28, or more, cells 

The setfiuontation-cclls which make up the morula aftoi the close of the i)alinftenetic 
eloa\af,’e soom usually to be quite similar, and to present no morphological differences as 
to size, foim, and composition That, however, does not prevent them from differentiating 
into animal and vegetative cells even durmg the cleavage, as Figs 2 and 3 on Plate II. 
indicate* 

• The blastula of tlu* loivor animals must not be confused with the very different blastula 
of the iiiamiiial, which is jivoiierlv called the fjastrocijstiH oi hlastocvstin This cenogenetio 
gastroci stis and the mlmaenetic blastula are sometimes very wrongly comprised under 
the common name of blastula or vesicula blastodermioa. 
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swim about by a ciliary movement in the water, the wall of which 
is composed of a single layer of cells, such as the Yolvox, the 
Magosphsera, Synura, etc. We shall speak further of the great 
phylogenetic significance of the fact in the Nineteenth Chapter. 

A very important and remarkable process now follows — namely, 
the invagination of the blastula (invaginatio blasiiila, Eig. H).^ The 
vesicle with a single layer of cells for wall is converted into a cup 
with a wall of two layers of cells (cf. Eigs. G, H, I). A certain spot 
at the surface of the sphere is flattened, and then bent inward. 
This depression sinks deeper and deeper, growing at the cost of the 
internal cavity. The latter decreases as the hollows deepen. At 
last the internal cavity disappears altogether, the inner side of the 
blastoderm (that which lines the depression) coming to lie close on 
the outer side. At the same time, the cells of the two sections 
assume different sizes and shapes ; the inner cells are more round 
and the outer more oval (Fig. I). In this way the embr>*o takes the 
form of a cup or ]ar-shaped body, with a wall made up of two layers 
of cells, the inner cavity of which opens to the outside at one end 
(the spot where the depression was originally formed). We call this 
very important and interesting embryonic form the “ eup-embiyo ” 
or “oup-laiwa” igastnila, Eig. 31, I longitudinal section, K external 
view).^ 

I have in my Natuird History of Creation given the name of 
“ tufted embryo ” or depula to the remarkable intermediate form 
which appears at the passage of the blastula into the gastrula : “ In 
this intermediate stage there are t'wo cavities in the embryo — the 
original cavity {blastoasl) wdiich is disappearing, and the primitive 
gut-cavity (progaster) wdiich is forming. The one grows at the 
expense of the other ; though in many of the other Metazoa a relic 
of the inner cavity remains, and may form a ‘ false body-cavity ’ 
(pseudoccel) . This is sometimes rather large, and is often called the 
‘ primary body-cavity ’ of the Metazoa, in opposition to the ‘ secondarj’’ 
body-cavity,’ or enteroccel, which develops afteiwards out of the 
primitive gut in the Vertebrates ” (cf. Chapter X.). 

I regard the gastrula as the most important and significant 
embryonic form in the animal world. In all true animals (that is, 

1 Invagination is a process of iiending inward, as when one half of a soft indiarubber 
ball IS forced inward. — T rans. 

I expounded the idea of the gastrula in un Monograph on the Sponges in 1872. T 
ahead! laid stress on “the extreme iiupoitauee of the gastrula in the general phylogeny ot 
the annual kingdom ”* " the fact that this larva-fonn is found in the most different animal 
stems has, in my opinion, a significance that it is impossible to exaggerate, and gives 
a clear proof .of the common origin of all from the Gastrsea " 
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excluding the unicellular Protists) the segmentation of the ovum 
produces either a pure, primitive, palingenetie gastrula (Fig. 31 I, K), 
or an equally instructive cenogenetic form, which has been developed 
in time from the first, and can immediately be reduced to it. It is 
certainly a fact of the greatest interest and instructiveness that 
animals of the most different stems — ^Vertebrates and Tunicates, 



Fig 3*2 Fig. 37. 

Fig 3*2 (A) —Gastrula of a very simple prlmltlve-gut animal, or Gastrsaad 

(Gast)ophuf<ema). (.Haeckel ) 

Fig 33 (2J).— Gastrula of a Worm (Sarjitfa, arrow-worm). (From KowalevsKu.) 

Fig 34 (0) —Gastrula of an Echlnoderm (star-ftsh, ZTrciHter), not completely folded in 
(depula) (From Alexander Aaasbiz ) 

Fig 33 (D) —Gastrula of an Arthropod (priuutivo crustacoan, Naui)Uun) (as 34) 

Fict 36 (E) —Gastrula of a Mollusc (pond-suail, Limneens) (From Kntl Itabl ) 

Fig 37 (F) —Gastrula of a Vertebrate (lancelet, Anwhioxuf,) (From Kowalevsky ) 
(Fiont \iew ) 

111 each fiKuro d is the primitive-fjut cavitv, o primitive mouth, « segmentation-cavity, 
7 futodeim (gut-laior), e ectoderm (bkin-layer). 


INlollnscs and Articulates, Echinoderms and Annelids, Cnidaria and 
Si)onges — proceed from one and the same embryonic form. In 
illustration I give a few pure gastrula-forins from various gi'oups of 
animals (Figs. 32-37, explanation given above). 
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In view of this extraordinary significance of the gastmla, we 
must make a very careful study of its original structure. As a mle, 
the typical gastrula is very small, being invisible to the naked eye, 
or at the most only visible as a fine point under very favomrable 
conditions, and measuring generally ^ to tV of a millimetre (less 
frequently i to h or even more) in diameter. In shape it is usually 
like a roundish drinking- cup. Sometimes it is rather oval, at other 
times more ellipsoid or spindle-shaped; in some cases it is half 
globular, or even almost globular, and in others lengthened out, or 
almost cylindrical. The geometrical type-fonn — a single axis with 
two different poles — is very characteristic. This axis is the long 
axis or chief axis of the subsequent uni-axial body ; one pole is the 
mouth-pole (oral pole), and the other the contra-mouthpole (aboral 
pole). In the bilateral animals, or higher animals with right and 
left similar halves to the stmcture, the cenogenetically modified 
gastrula usually assumes a bilateral (and tri-axial) form at an early 
stage (Fig. 41). The gastrula is distinguished very sharply by this 
uni-axial, or monaxial, form from the globular blastula and morula, 
in which aU the axes of the body are alike. The transverse section 
of the primary gastrula is round. 

I give the name of primitive gut {progaster) and primitive mouth 
(prostovia) to the internal cavity of the gastrula-body and its open- 
ing, because this cavity is the first rudiment of the digestive cavity 
of the organism, and the opening originally served to take food into 
it. Naturally, the primitive gut and mouth change veiy^ considerably 
afterwards in the various classes of animals. In most of the 
Gnidaria and many of the Annelids (worm-like animals) they remain 
unchanged throughout life. But in most of the higher animals, and 
so in the Vertebrates, only the larger central part of the later 
alimentary canal develops from the primitive gut ; the later mouth 
is a fresh development, the primitive mouth disappearing or changing 
into the anus. We must, therefore, distinguish carefully between the 
primitive gut and mouth of the gastmla and the later alimentary 
canal and mouth of the fully developed Vertebrate. 

The two layers of cells which line the gut-cavity and compose 
its wall are of extreme importance. These two layers, which are the 

^ My distinction (1872) between the jiriinitive gut and mouth and the later per ma nent 
stomach imetaaaster) and mouth imetmtoma) has been much criticised, but it is as much 
justified as the distinction between the pninitive kidneys and the permanent kidneys. 
Sir E Ray Lankester suggested three >ear» aiterwrards (1875) the name archenteron for the 
primitive gut, and hlastoporus tor the primitive mouth. An interestmg theory of the 
mouth has lately been put forward bv Damele Rosa (of Modena) in his essay, “U canale 
neurenterico ed il blastopore anale" (Bolletino Zool. dt Torino, No. 446, 1903) 

K 
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sole builders of the whole organism, are no other than the two 
primary germ-layers. I have spoken in the introductory section 
(Chapter III.) of their radical importance. The outer stratum is the 
skin-layer, or ectoderm (Eigs. 32-37 e) ; the inner stratum is the gut- 
layer, or entoderm (i). The former is often also called the ectoblast, 
or epiblast, and the latter the endoblast, or hypoblast. From these 
two primary germ-layers alone is developed the entire organism 
of all the Metazoa or multicellular animals. The skin-layer forms 
the external skin, the gut-layer forms the internal skin or lining of 
the body. Between these two germ-layers are afterwards developed 
the middle germ-layer (mesoderm) and the body-cavity (coelosome) 
filled with blood or lymph. 



Fio. 38.— Gastrula of a lower Sponge {OlyntJiua) A external view. B longitudinal 
section through the axis, a piimitive gut-cavity, o primitive mouth-aperture, i inner cell- 
layer (entoderm, endoblast, gut-layer), e external cell-layer (outer genu-layer, ectoderm, 
ectoblast, or skm-layer). 


The two primary germ-layers vrere first distinguished by 
Pander in 1817 in the incubated chick, the outer being called the 
serous, and the inner the 7?mcous, layer (p. 33). But their full 
significance was first realised by Baer, who called the first the 
(mimal, and the second the vegetative, layer m his classical work on 
embryology (1828). These names are suitable enough in the sense 
that the animal organs of sensation — the skin, nerves, and sense- 
organs — are foimed chiefly (if not exclusively) from the outer layer ; 
and the vegetal organs of nutrition and reproduction, especially the 
alimentary canal and the blood-vessels, are formed chiefly from the 
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inner layer. Twenty years later (1849) Hnxley pointed out that in 
many of the lower Zoophyta, especially the Medusae, the whole 
body consists throughout life of these two primary germ-layers. 
Soon afterwards (1853) Allman introduced the names which have 
come into general use; he called the outer layer the ectoderm 
(“ outer-skin ”), and the inner the entoderm (“inner-skin ”)• But in 
1867 it was shown, particularly by Kowalevsky, from comparative 
observation, that even in Invertebrates, also, of the most different 
classes — Annelids, Molluscs, Echinoderms, and Articulates — the 
body is developed out of the same two primary layers. Finally, I 
discovered them (1872) in the lowest tissue-forming animals, the 
Sponges, and proved in my Gastrsea-theory that these layers must be 
regarded as identical or homologous throughout the animal world, 
from the Sponges and Corals to the Insects and Vertebrates, includ- 
ing man. This fundamental “ homology 
of the primarj’ germ-layers and the 
primitive gut ” has been confirmed during 
the last thirty years by the careful re- 
search of many able observers, and is 
now generally admitted for the whole of 
the Metazoa. 

As a rule, the cells which compose the 
two primary germ-layers show appre- 
ciable differences even in the gastrula 
stage. Generally (if not always) the cells 
of the skin-layer or ectoderm (Figs. 38 c, 

39 e) are the smaller, more numerous, 
and clearer ; while the cells of the gut- 
layer, or entoderm (0, are larger, less 
numerous, and darker. The protoplasm 
of the ectoderm cells is clearer and 
firmer than the thicker and softer cell-matter of the entoderm-cells ; 
the latter are, as a rule, much richer in yolk-granules (albumen and 
fatty particles) than the former. Also the cells of the gut-layer 
have, as a rule, a stronger affinity for colouring matter, and take on 
a stain in a solution of carmine, aniline, etc., more quickly and appre- 
ciably than the cells of the skin-layer. The nuclei of the entoderm- 
cells are usually roundish, while those of the ectoderm- cells are oval. 

These physical, chemical, and morphological differences in the 
two germ-layers, coiTesponding to their physiological contrast, 
are of interest as showing us the first and oldest process of differen- 
tiation in the animal body. The skin-layer Q)Jastoder7}i) , \vhich 



Fia. 39.— Cells from the two 
primary germ-layers of the 
Mammal (from both laj-ers of 
the blastoderm), i larger and 
darker oells of the inner stratum, 
the vegetal layer or entoderm. 
e smaller and clearer cells from 
the outer stratum, the animal 
layer or ectoderm. 
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forms the wall of the globular blastula (Eig. 31 E, G), consists of a 
single stratum of homogeneous cells. These blastodermic cells are 
at first very regular and of similar consti-uction, and exactly alike in 
si;?e, shape, and texture. They are usually flaltened by mutual 
pressure, and very often strictly hexagonal. They make the first 
tissue of the Metazoon-organism, a simple cell-coating or epithelium. 
The homogeneity of these cells disappears sooner or later during the 
curving of the blastosphere. The cells which form its inner concave 
part (the subsequent entoderm) assume, as a rule, during the very 
process of folding (Eig. 31 H), different features from those which 
constitute the outer convex part (the subsequent ectoderm). When 
the folding-process (or invagination) is complete, very striking histo- 
logical differences between the cells of the two layers are found 
(Eig, 39). The tiny, light ectoderm-cells (e) are sharply distinguished 
from the larger and darker entoderm-cells (^). Frequently this differ- 
entiation of the cell-forms sets in at a very early stage, during the seg- 
mentation-process, and is aheady very appreciable m the blastula. 

We have, up to the present, only considered that form of segmen- 
tation and gastrulation which, for many and weighty reasons, we 
may regard as the original, primordial, or palingenetic form. We 
might call it “equal” or homogeneous segmentation, because the 
divided cells retain a resemblance to each other at first (and often 
until the formation of the blastoderm). We give the name of the 
“ bell-gastrula,” or archigastmla, to the gastrula that succeeds it. 
In just the same form as in the Coral we considered {Mojioxema, 
Eig. 31), we find it in the lowest Zoophyta, the Gastrophysema 
(Fig. 32), and the simplest Sponges (Olynthus, Eig. 38) ; also in 
many of the Medusas and Hydrapolyps, lower types of Worms of 
various classes (Brachiopods, Arrow-worm, Eig. 33), Tunicates 
(Ascidia, Plate XYIII., Figs, l-l), many of the Echinoderms 
(Eig. 34), lower Articulates (Eig 35), and Molluscs (Eig. 36), and, 
finally, in a slightly modified form, in the lowest Vertebrate (the 
Amphioxus, Eig. 37 ; Plate XVIII., Figs 5-10). 

The gastrulation of the Amphioxus is especially interesting 
because this lowest and oldest of all the Vertebrates is of the highest 
significance for tlie phylogeny of tlie vertebrate stem, and therefore 
for our antliropogeny (compare Chapters XVI. and XVII.) Just as 
the comparative anatomy of the Vei^tebrates deduces the most 
elaborate features in tlie structures of the various classes by 
divergent development from this simple primitive Vertebrate, so 
comparative ontogeny traces the various secondary forms of verte- 
brate gastrulation to the simple, primary formation of the germ- 
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layers in the Amphioxus. Although this formation, as distinguished 
from the cenogenetic modifications of the Vertebrate, may on the 
whole be regarded as palingenetic, it is nevertheless different in some 
features from the quite primitive gastrulation such as we have, for 
instance, in the Monoxenia (Fig. 31) and the Sagitta. From 
Hatschek’s classical vrork (1881) it is clear that both kinds of cells 
in the germ-layers of the Amphioxus, and many other animals, 
show a divei-sity of features very early in the process of segmentation. 
Only the first four segmentation-cells, which are divided by two 
vertical planes of cleavage cutting at a right angle, are homogeneous 
(Plate II., Fig. 8). The third, horizontal plane of cleavage lies, not 
on the equator of the ovum, but a little above it, so as to divide the 



Fig 40 — Gastrulation of the Amphioxus, from Hatiilu-K (vertical section throusb the 
axis of the ovum) A, B, C three stages in the formation ot the blastula ; D, E curving of 
the blastula ; F' complete gastrula 7i 8egmentation-ca\lt^. o primitive gut-canty. 

four blastomeres into unequal halves — four smaller ones above 
and four larger below ; the former constitute the animal, and the 
latter the vegetal, hemisphere. Hatschek rightly obsei’ves that the 
segmentation of the ovum in the Amphioxus is not strictly equal, 
but almost equal, and approaches the unequal. The difference in 
size between the two groups of cells continues to be ver^" noticeable 
in the further coui*se of the segmentation ; the smaller animal cells 
of the upper hemisphere divide more quickly than the larger vegetal 
cells of the lower {Fig. 40 A, B). Hence the blastodeim, which 
forms the single-layer wall of the globular blastula at the end of the 
cleavage-process, does not consist of homogeneous cells of equal size, 
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as in the Sctgitta and the Monoxenia ; the cells of the upper half of 
the blastoderm (the mother-cells of the ectoderm) are more numerous 
and smaller, and the cells of the lower half (the mother-ceUs of the 
entoderm) less numerous and larger. Moreover, the segmentation- 
cavity of the blastula (Eig. 40 C, Ti) is not quite globular, but forms 
a flattened spheroid with unequal poles of its verticlo axis. While 
the blastula is being folded into a cup at the vegetal pole of its 
axis, the difference in the size of the blastodermic cells increases 
(Eig. 40 D, E ) ; it is most conspicuous when the invagination is 
complete and the segmentation-cavity has disappeared (Eig. 40 F), 
The larger vegetal cells of the entoderm are richer in granules, and 
so darker than the smaller and lighter animal cells of the ectoderm. 

But the unequal gastrulation of the Amphioxus diverges from the 
typical equal cleavage of the Sagitta^ the Monoxenia (Eig. 31), and 
the Olynthus (Fig. 38), not only by this 
^ early (or cenogenetically premature) dif- 

ferentiation of the blastodermic cells, but 
also in another important particular. The 
e pure archigastrula of the latter forms is 
uni-axial, and it is round in its whole 
length in transverse section. The vegetal 
pole of the vertical axis is just in the 
centre of the primitive mouth. This is 
not the case in the gastrula of the Am- 
2 ) Ijhioxus. During the folding of the 

Fia.4i,-Ga5tpulaof theAm- blastula the ideal axis is already bent 
°° 0“® ‘h® ei’owth of the blasto- 

‘lermCor the increase ot its oeUs) being 

touiai poi^eeiiR, i ontoderm, t' brisker on one side than on the other ; 
octodevm, d donsal side, w ventral 

F-ide. the side that grows more (luickly, and so 

is more curved (Fig. 41 ?’), will be the 
anterior or belly-side; the opposite, flatter side will form the 
back [d). The primitive mouth, which at first, in the typical archi- 
gastrula, lay at the vegetal pole of the main axis, is forced away to 
tlie dorsal side , and whereas its two lips lay at first in a piano at 
right angles to the chief axis, they are no\v so far thrust aside that 
their plane cuts the axis at a sharp angle The dorsal lip is therefore 
the iqiper and more forvrard, the ventral lip the lower and hinder. 
In tlie latter, at the ventral passage of the entoderm into the ectoderm, 
tlieie he side by side a pair of vei*y large cells, one to the right and 
one to the left (Eig. 41 ’p ) : these are the important polar cells of the 
primitive mouth, or “ the primitive cells of the mesoderm.” 
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In consequence of these considerable variations arising in the 
course of the gastrulation, the primitive uni-axial form of the archi- 
gastrula in the Amphioxus has already become tri- axial, and thus 
the two-sidedness, or bilateral symmetiy, of the vertebrate-body has 
already been determined. The vertical middle plane passes between 
the two polar cells of the prostoma, and goes the whole length of the 
body, dividing it into two equal halves or “ antimera,” right and left. 
The primitive mouth lies at the further and hinder end, a little above 
the anti-oral pole of the long axis. The median axis, or dorso- 
ventral axis, lies vertically to this chief axis on the middle plane, 
joining the central lines of the flat dorsal side and the convex ventral 
side. The horizontal transverse axis, or lateral axis, vertical to the 
two (unequally polar) axes, is equi-polar, and crosses diagonally from 
right to left. Thus, the gastrula of the Amphioxus abeady exhibits 
the characteristic two-sidedness of the vertebrate-body, and this has 
been transmitted from the Amphioxus to all the other modified 
gastrula-forms of the vertebrate stem. 

Apart from this bilateral stmcture, the gastrula of the Amphioxus 
resembles the typical archigastrula of the lower animals (!Pigs. 32-38) 
in developing the two primary germ-layers from a single layer of 
cells. This is clearly the oldest and original form of the metazoic 
embryo. Although the animals I have mentioned belong to the most 
diverse classes, they nevertheless agree with each other, and many more 
animal forms, in having retained to the present day, by a conservative 
heredity, this palingenetic form of gastrulation which they have from 
their earhest common ancestors. But this is not the case with the 
great majority of the animals. With these the original embr^mnio 
process has been gradually more or less altered in the course of millions 
of years by adaptation to ne-w conditions of development. Both the 
segmentation of the o\iim and the subsequent gastrulation have in 
this way been considerably changed. In fact, these variations have 
become so great m the course of time that the segmentation was not 
rightly understood in most animals, and the gastrula was unrecognised. 
It was not until I had made an extensive comparative study, lasting 
a considerable time (in the years 1866-75), in animals of the most 
diverse classes, that I succeeded in showing the same common 
typical process in these apparently very different forms of gastrula- 
tion, and tracing them all to one original form. I regard all those 
that diverge from the primary palingenetic gastrulation as secondary, 
modified, and cenogenetic. The more or less divergent form of 
gastrula that is produced may be called a secondary, modified 
gastrula, or a metcmastrula , 
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Among the many and varied cenogenetic forms of segmentation 
and gastrulation I distinguish three chief types : 1, unequal segmen- 
tation (Plate II., Eigs. 7-17); 2, discoid segmentation (Plate III., 
Pigs. 18-24) ; and 3, superficial segmentation (Plate III., Pigs. 
25-30). Prom the unequal cleavage we have the tufted fcstus 
{amphigastrida, Plate II., Pigs. 11 and 17) ; the discoid cleavage 
produces the disc-shaped gastrula {discogastrula^ Plate III., Pig. 24); 
and the superficial produces the globular gastrula (perigastrula, 
Plate III., Pig. 29). In the Vertebrates, with which we are chiefly 
concerned, the last-named form is not found at all ; on the other 
hand, it is the commonest form among the Articulates (crabs, 
spiders, insects, etc.). Mammals and Amphibia have the unequal 
segmentation and the tufted foetus ; so also the ganoid (scaley) and 
the round-mouthed fishes (the lamprey and hag). On the other 
hand, most fishes, and all reptiles and birds, have the discoid 
segmentation and gastrula. (Of. Table II., p. 143.) 

By far the most important process that determines the various 
cenogenetic forms of gastrulation is the change in the nutrition of 
the ovum and the accumulation in it of nutritive yolk. By this we 
understand various chemical substances (chiefly granules of albumin 
and fat-particles) which serve exclusively as reserve-matter or food 
for the embryo. As the metaxoie embryo in its earlier stages of 
development is not yet able to obtain its food and so build up the 
frame, the necessary material has to be stored up in the ovum. 
Hence we distinguish in the ova two chief elements — the active 
formative yolk (protoplasm or vitellus formaiiviis) and the passive 
food-yolk (deutoplasm, or vitellua nutritiiniH, wrongly spoken of as 
“the yolk,” Iccithm). In the little palingenetic ova, the segmenta- 
tion of which we have already considered, the yolk-gi-anules are so 
small and so regularly distributed in the protoplasm of the ovum 
tliat the even and repeated cleavage is not affecteil by tliem. But 
in the gi’eat majority of the animal ova the food->'olk is more or less 
considerable, and is stored in a certain part of tlie ovum, so that even 
ill the unfertilised ovum the “ granary” can clearly be distinguished 
from the formative plasm. As a rule, there is tlien a i)olar differentia- 
tion of the ovum, m the sense that a chief axis can be discerned in 
it, and the formative yolk (with the germinal vesicle) gathers at one 
pole and food-yolk at the other. The first is the animal, and the 
second the coqetal, pole of the vertical axis of the ovum. 

In these “ telolecithal” ova (for instance, in the Cyclostomes and 
Amphiliia, Plate II., Pigs. 7-11) the gastrulation then usually takes 
place in sucli a way that in the cleavage of the impregnated ovum 
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the animal (usually the upper) half splits up more quickly than the 
vegetal (lower). The contractions of the active protoplasm, which 
effect this continual cleavage of the cells, meet a greater resistance 
in the lower vegetal half from the passive deutoplasm than in the 
upper animal half. Hence we find in the latter more but smaller, 
and in the former fewer but larger, cells. The animal cells produce 
the external, and the vegetal cells the internal, germ-layer. 

Although this unequal segmentation of the Cyclostomes, Ganoids, 
and Amphibia seems at first sight to differ from the original equal 
segmentation (for instance, in the Monoxema, Fig. 31), they both 
have this in common, that the cleavage process throughout affects 
the luhole cell; hence Eemak called it total segmentation, and the 
ova in question holohlastic. It is otherwise with the second chief 
group of ova, which he distinguished from these as meroblastic : to 
this class belong the familiar large eggs of birds and reptiles, and of 
most fishes. The inert mass of the passive food-yolk is so large in 
these cases that the protoplasmic contractions of the active yolk cannot 
effect any further cleavage. In consequence, there is only a partial 
segmentation. While the protoplasm in the animal section of the o^nim 
continues briskly to divide, multiplying the nuclei, the deutoplasm 
in the vegetal section remains more or less undivided ; it is merely 
consumed as food by the forming cells. The larger the accumulation 
of food, the more restricted is the process of segmentation. It may, 
however, continue for some time (even after the gastrulation is more 
or less complete) in the sense that the vegetal cell-nuclei distributed 
in the deutoplasm slowly increase by cleavage ; as each of them is 
sun’ounded by a small quantity of protoplasm, it may afterwards 
appropriate a portion of the food-yolk, and thus form a real “ yolk- 
cell’* {inerocijtc). When this vegetal cell-formation continues for a 
long time, after the two primary germ-layers have been formed, it 
takes the name of the “ after-segmentation '* (Waldeyer). 

The meroblastic ova (Plate III.) are only found in the larger and 
more highly developed animals, and only in those whose embryo 
needs a longer time and richer nourishment within the fcetal 
membranes. According as the food-yolk accumulates at the centre 
or the side of the ovum, we distinguish two groups of dividing ova, 
periblastic and discoblastic. In the periblastic the food-yolk is in 
the centre, enclosed inside the ovum (hence they are also called 
“ centro-lecithal ” ova) : the formative yolk surrounds the food-yolk, 
and so suffers itself a superficial cleavage. This is found among the 
Articulates (crabs, spiders, insects, etc , Plate III., Figs 25-30). In 
the discoblastic ova the food-yolk gathers at one side, at the vegetal 



138 


THE GASTE^A-THEOBY 


or lower pole of the vertical axis, while the nucleus of the ovum and 
the great bulk of the formative yolk lie at the upper or animal pole 
(hence these ova are also called “ telolecithal ”). In these oases the 
cleavage of the ovum begins at the upper pole, and leads to the 
formation of a dorsal discoid embryo. This is the case with all 
meroblastic Vertebrates, most fishes, the reptiles and birds, and the 
oviparous mammals (Monotrema). 

The gastrulation of the discoblastic ova, which chiefly concerns 
us, offers serious difficulties to microscopic investigation and philo- 
sophic consideration. These, however, have been mastered by the 
comparative embryological research which has been conducted by a 
number of distinguished observers during the last few decades — 
especially the brothers Hertwig, Eabl, Kupffer, Selenka, Euckert, 
Goette, Eauber, etc. These thorough and careful studies, aided by 
the most perfect modern improvements in technical method (in 
staining and dissection), have given a very welcome support to the 
views which I put forward in my work, On the Gastmla mid the 
Segmentation of the Animal Ovum [not translated] , in 1875. As it 
is very important to understand these views and their phylogenetic 
foundation clearly, not only as regards evolution in general, but 
particularly in connection with the genesis of man, I will give here a 
brief statement of them as far as they concern the vertebrate-stem : — 

1. AU the Vertebrates, including man, are phylogenetically (or 
genealogically) related — that is, are members of one single natural 
stem. 

2. Consequently, the embryonic features in their individual 
development must also hang together phylogenetically. 

3. As the gastrulation of the Amphioxus shows the original 
palingenetic form in its simplest features, that of the other Verte- 
brates must have been derived from it. 

4. The cenogenetic modifications of the latter are more appre- 
ciable the more food-yolk is stored up in the ovum. 

5. Although the mass of the food-yolk may be very large in the 
ova of the discoblastic Vertebrates, nevertheless in every case a 
blastula is developed from the morula, as in the holoblastic ova. 

6. Also, m every case, the gastrula develops from the blastula by 
invagination. 

7. The cavity which is produced in the embryo by this folding 
is, m each case, the primitive gut (progaster), and its opening the 
primitive mouth (prostoma). 

8. The food-yolk, whether large or small, is always stored in the 
ventral wall of the primitive gut, the cells (called “merocytes”) 
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which may be formed in it subsequently (by “ after- segmentation”) 
also belong to the inner germ-layer or endoblast, like the cells 
which immediately enclose the primitive gut-cavity. 

9. The primitive mouth, which at first lies below at the basic 
pole of the vertical axis, is forced, by the growth of the yolk, back- 
wards and then upwards, towards the dorsal side of the embryo ; 
the vertical axis of the primitive gut is thus gradually converted 
into horizontal. 

10, The primitive mouth is closed sooner or later in all the 
Vertebrates, and does not become the permanent mouth-aperture; 
it rather corresponds to the “ properistoma,” or region of the anus. 
Brom this important point the formation of the middle germ- 
layer proceeds, between the two primary layers. 

The wide comparative studies of the scientists I have named 
have further shown that in the case of the discoblastic higher Verte- 
brates (the three classes of Amniotes) the primitive mouth of the 
embryonic disc, which was long looked for in vain, is found always, 
and is nothing else than the familiar “primitive groove.” This is a 
gi-oove that lies in the hinder dorsal surface of the discoid gastrula, 
and was formerly confused with the hinder part of the medullary 
tube. It is time that it is directly connected with this for some 
time (by the canalis neurentericiis, which we shall discuss later), but 
originally it is a totally different thing, both in structure and 
purport. The two parallel longitudinal swellings which enclose this 
slender “ primitive groove ” (lying on the middle line) are the right 
and left primitive lips. The primitive mouth, which is at first (in 
the holoblastic Vertebrates) a small round opening, is thus altered 
(in consequence of the increasing accumulation of food-yolk and the 
resulting extension of the ventral wall of the primitive gut) not only 
in position and direction, but also in shape and size. It changes 
first into a sickle-shaped transverse fold (the “crescent-groove”), in 
which we distinguish a ventral (lower) and a dorsal (upper) pnmitive 
lip. However, the broad transverse fold soon naiTOWs, and changes 
into a longitudinal fold (something like a hare-lip), the right and left 
halves of the crescent-groove (called the “ crescent-horns ”) being 
shortened, the middle part and the two halves of the dorsal upper 
lip being drawn forward. The latter meet subsequently in the 
middle line, and form the important “ primitive streak.” 

Thus gastrulation may be reduced to one and the same process 
in all the Vertebrates. Moreover, the various forms it takes in the 
invertebrate Metazoa can always be reduced to one of the four types 
of segmentation described above. In relation to the distinction 
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between total and partial segmentation, the grouping of the various 
forms is as follows : — 


I, Palingenetic 
(pnmitive) 
segmentation. 


II. Oenogenetio 
segmenta- 
tion 

(modified by 
adaptation). 


I 1. Equal segmentation 
(beU-gastrnla) . 

2. Unequal segmentation 

(tufted gastrula). 

3. Discoid segmentation 

(discoid gastrula) . 

4. Superficial segmentation 

(spherical gastrula). 


A. Total segmenta- 
tion 

(without indepen- 
dent food-yolk). 


B. Partial segmen- 
tation 

(with indepen- 
dent food-yolk) . 


The lowest Metazoa we know — ^namely, the lower Zoophytes 
(sponges, simple polyps, etc.) — ^remain throughout life at a stage of 
development which differs little from the gastrula ; their whole 
body consists of two layers of cells. This is a fact of extreme 
importance. We see that man, and even other Vertebrates, pass 
quickly through a stage of development in which they consist of two 
layers, just as these lower Zoophytes do throughout life. If we 
apply our biogenetio law to the matter, we at once reach this 
important conclusion : “ Man and all the other animals which pass 
through the two-layer stage, or gastrula-form, in the course of their 
embryonic development, must descend from a primitive simple stem- 
form, the whole body of which consisted throughout life (as is the 
case with the lower Zoophytes to-day) merely of two cell-strata 
or germ-layers.” We will call this primitive stem-form, with 
which we shall deal more fully later on, the Gastma — that is to say, 
“ primitive-gut animal.” 

According to this Gastrsea-theory, one orijan was originally of the 
same morphological and physiological significance in all multicellular 
animals — the primitive gut , and the two primary germ-layers 
which form its wall must also be regarded as similar or liomologous 
in all. This important liomology of the primary germ -layers is 
proved, on tlie one liand, from the fact that the gastrula was 
originally formed in tlie same way in all cases — namely, by the 
invagination of the blastula ; and, on the other hand, by the fact 
that in every case the same fundamental organs arise from the 
germ-lavers. The outer or animal layer, or ectoderm, always 
forms the chief organs of animal life — the skin, nervous system, 
sense-organs, etc , the inner or vegetal layer, or entoderm, gives rise 
to the chief organs of vegetative life — the organs of nourishment, 
digestion, Idood-formation, etc. 

In the lower Zoophytes, whose body remains at the two-layer 
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stage throughout life, the Gastraeads, the simplest Sponges {Olynthus), 
and Polyps (Rydra), these two groups of functions, animal and 
vegetative, are strictly divided between the two simple primary 
layers. Throughout life the outer or animal blastodermic layer acts 
simply as a covering for the body, and accomplishes its movement 
and sensation. The inner or vegetative layer of cells acts through- 
out life as a gut-epithelium, or nutritive layer of enteric cells, and 
often also yields the reproductive cells. 

The best known of these “Gastraeads,” or “ gastrula-like 
animals,” is the common fresh-water polyp (Hydra). This simplest of 
all the Cnidaria has, it is true, a crown of tentacles round its mouth. 
Also its outer germ-layer is slightly differentiated histologically. 
But these are secondary additions, and the inner germ-layer is a 
simple stratum of cells. On the whole, the Hydra has preserved to 
our day by heredity the simple structure of om* primitive ancestor, 
the GastrcBa (cf. Chapter XIX.). 

In all other animals, particularly the Vertebrates, the gastrula is 
merely a brief transitional stage. Here the two-layer stage of the 
embryonic development is quickly succeeded by a three -layer, and 
then a four-layer, stage. With the appearance of the four super- 
imposed germ-layers we reach again a firm and steady standing- 
ground, from which we may follow the further, and much more 
difficult and complicated, coui'se of embryonic development. 



EXPLANATION OE PLATES II. AND III. 


SEGMENTATION AND GASTBULATION. 

Plates n. and III. illustrate the chief differences in the ovum-segmentation 
and gastmlation of animals by diagrammatic sections. Plate II, shows 
Iwloblastic ova (with total segmentation), Plate HI., meroblashc ova (or with 
partial segmentation). The animal half of the ova (ectoderm) is tinted grey, and 
the vegetal half (entoderm with food-yolk) red. The food-yolk is vertically 
grained. All sections are vertical and median (through the axis of the primitive 
gut). The letters have the same meaning throughout: c Stem-cell icyittla). 
f Segmentation-cells {segmentella or hlaatonieres) m Mulberry-stage {morula), 
b Blastula. g Cup-structure {gaafrula). s Segmentation-ca\’ity {blastocoel) . 
d Primitive gut -cavity {progaster). o Primitive mouth {yrostoma). n food-yolk 
{leoitlius). % gut-layer {entodenna). e skin-layer {ectodernm). 

Pigs. 1-fJ. Equal segfinentation of a lower Metazoon {Sagitta, Asndia). 
Pig. 1. Stem-oeU (cytula). Pig. 2. Cleavage-stage with four segmentation-cells. 
Pig. 8. Mulberry-stage (morula). Pig. 4. Blastula. Pig 6. The same in 
process of folding or invagination (depula). Pig C. Bell-gastrula (arohigastrula) . 
Cf. Pigs. 31-40. 

Pigs 7-11. Unequal segmentation of an Amphibian (frog). Pig. 7 . 
stem-cell. Pig. 8. Cleavage-stage with four segmentation-cells Pig 9 Morula. 
Pig. 10 Blastula. Pig 11. Tuft-gastrula (amphigastmla) . Cf Figs. 42-58. 

Pigs. 12-17. Unequal segmentation of a Mammal (rabbit). Pig. 12. 
Cytula. Fig. 18. Cleavage with two segmentation-cells {e mother-cell of the 
ectoderm, « mother-cell of the entoderm). Pig. 14. Cleavage-stage with four 
segmeatation-eells. Fig. 16. Beginning of the folding of the blastula. Pig. 16. 
Progress of the invagination. Pig 17. Tufted gastrula (amphigastmla). Cf 
Pigs. 66-75. 

Pigs 18-24 Discoid segmentation of a bony fish {Labl^ls'i Coitus f). 
Most of the food-yolk (ji) is left out (cf. Pigs 60-65). Pig 18. Cytula. Fig. 19. 
Cleavage-stage with two cells. Fig 20. Cleavage-stage with thirty-two cells. 
Fig. 21. Mulberrj'-stage fmonila). Pig. 22. Blastula Fig. 23. The same in 
process of invagination (depula). Pig. 24. Discoid gastrula (discogastmla) . 

Pigs. 25-30. Superficial segmentation of a Grustocoan {Peneus). Fig. 25. 
Cytula. Pig. 26. Cleavage-stage with eight cells (only four visible) Fig. 27. 
Cleavage -stage with thirty-two cells. Fig. 28. Moiula and blastula. Pig. 29. 
Sphencal-gastrula (perigastmla). Fig. 30 Passage of tho gastmla into the 
nauplius-embryo . the gullet-cavity has been formed in front of the primitive gut 
by invagination fiom without. 

(Cf. the following Tables II.-III.) 
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SECOND TABLE 


SUMMARY OR THE CHIEE DIEFEEENCES IN THE 
OVUM-SEGMENTATION AND GASTRULATION 
OE ANIMALS 

The animal stems are indicated by the letters a-g . a Zoophyta. b Annelida. 
c Mollusea. d Eehinoderma. e Articulata. / Tunieata. g Yertebrata. 


I. 

Total 

Segmentation. 

Holoblastic 


I. Primitive 
Segmentation. 

Arcbiblastic ova. 

Bell-gastpula 

(arohigastrula). 
Plate II., Figs. 1-6. 


а. Many lower Zoopbyta (Sponges, 
Hydrapolyps, Medusse, simpler 
Corals). 

б. Many lower Annelids (Sagitta, 
Phoronis, many Nematoda, etc., 
Terebratula, Argiope, Pisidinm). 

e. Some lower Molluscs. 

d. Many Ecbinoderms. 

e. A few lower Articulata (some 
Brancbiopods, Copepods : Tardi- 
grades, Pteromalina). 

/. Many Tunieata. 

g. The Acrania (AmphioxusJ. 


Gastpula 

without 

separate 

food-yolk. 

Hologastrula. 


II. Unequal 
Segmentation. 
Amphiblastic ova 

Tufted gastrula 

(amphigastrula). 
Plate II., Figs 7-17, 


a. Many Zoopbyta (Sponges, 
^ledusse, Corals, Siphonophora, 
Ctenophora) 

b. Most Worms. 

c. Most IMolluscs 

d. ISIany Ecbinoderms (viviparous 
species and some others). 

e. Some of the lower Articulata 
(both Crustacea and Tracheata) 

/. Iklany Tunieata. 

g. Cyclostomes, the oldest fishes, 
amphibia, mammals (not includ- 
ing man) 


II. 

Partial 

Segmentation. 

Meroblastic 


III. Discoid 
Segmentation. 

Discoblastic ova 

Discoid gastrula. 

Plate III., Figs 18-24 


c Cephalopods or cuttle-fish. 
e Many Articulata, wood - lice, 
.scorpions, etc 

g Primitive fihhes, bony fi'ihes, 
leptiles, buds, inonotremes 


<; 


Gastrula with 
separate 
food-yolk. 

]McrogastraLi 


IV. Superfleial ^ 
Segmentation. 

PcnblastR' o\a 

Spherical-gas- 

trula. 


iPl.iU-TIl Figs '2,1 SO 


Tlu* great luajority of the Articu- 
lata (C'lUstaceans, ]\I\riapods, 
Arachnids, Insects), 



THIRD TABLE 


SUMMAEY OF THE FIEST FOUE EMBEYONIO STAGES 
IN ANIMALS IN EELATION TO THE FOUE CHIEF 
FOEMS OF SEGMENTATION 


A. Total Segmentation. B. Partial Segmentation. 


a. Original or 
Primordial 
Segmentation. 


b. Unequal 
Segmentation. 


c. Discoid 
Segmentation. 


d. Superficial 
Segmentation. 


Examples : Examples : Examples : Examples : 

Monoxenia, Oyclostoma, Pishes, Crustacea, 

Sagitta, Amphibia, Eeptiles, Arachnida, 

Amphioxus. j Mammals. Birds. Insects. 

la. Arehieytula, Ib. Amphleytula, ic. Dlseoe3rtula, id. Pericytula, 

Archiblastic Amphiblastic Discoblastic Periblastic 

stem-cell stem-cell stem-cell stem-cell 

(Plate n., Pig. 1). (PlateII.,Pigs 7,12). (PlatelTI ,Fig 18) (Plate m., Pig. 25). 
A single cell, m A um-axial cell, A very large uni- A large cell, con- 
which formative contaimng forma- axial cell, contain- tainmg formative 

yolk and food-yolk tive yolk at the ing formative yolk yolk at the pen- 

are not separated. animal polo and at the animal pole phery, and food- 

food-yolk at the and food -yolk at yolk in the centre, 

vegetal pole, not the vegetal, the two , 

clearly separated, clearly separated. | 

iia. ArehimorulaliTb Amphimorulalllc Diseomomla iid. Perimorula 
(Plate II., Pig. 8). (Plate II., Pig 9). (PlateIII.,Pig.21) (Platein., Pig. 27). 
A solid, generally A roundish cluster A flat disc, con- A closed sphere ; 

globular, cluster of of two kinds of sistnig of homo- one layer of cells 

homogeneous cells, cells, the smaller geneous cells at the encloses the whole 
at the animal and animal pole of the of the central food- 
the larger at the food-yolk. yolk, which contains 

vegetal pole. dividing nuclei. 

nia. Arehi- liib. Amphi- iiic. Disco- liid. Peri- 
Plastula blastula. blastula. blastula 

(Plate n , Pig. 4). (Platell , Fig. 10) (Plateni.,Pig.22). (Plate III , Fig. 28). 
A hollow (gene- A roundish sphere, A roundish sphere, A closed sphere; 

rally globular) the wall consisting the smaller hoini- one layer of cells 

sphere, the wall con- of small culls at the sphere consisting encloses the whole 
sisting of a single animal and large of segmentation- of the central food- 
layer of homoge- cells at the vegetal cells and the larger >olk, all the nuclei 
neous cells. pole. of food-yolk. have been driven to 

the surface. 


iVa Arehi- 
g-astpula, 

Bell-gastrula 
(Plate II , Fig 6). 
Pigs S2-3H 
Primitive gut 
empty, \Mthout 
food-volk Primaiy 
germ-la\ ers of one 
stratum. 


ivb. Amphi- 
gastrula, 

Tufted-gastrula 
(Plato IT , Pigs 11, 
17) 

Pig 50 

Primitive gut 
partly filled with 
divided food -yolk. 
Genn - layers of 
several strata. 


iVc. Disco- 
gastrula, 

Disc-gastrula 
(PlateIII.,Fig.24) 
Pigs. G2-65 
Primitive gut 
filled with undi- 
vided food - yolk 
Plat germinal disc 


ivd. Pepi- 
gastrula, 

Sphencal-gastrula 
(Plate III., Pig 29). 

Segmentation- 
cavity full of undi- 
vided food -yolk. 
Primitive gut super- 
ficial. 
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FOURTH TABLE 


SUMMAEY OE THE CHIEF VARIATIONS IN THE 
RHYTHM OF OVUM-SEGMENTATION 

(Only the first row [Sagibta] shows the original palingenetic rhythm of the 


segmentation in regular geometrical 
secondary, cenogenetio modifications. 
e = Ectoderm-cells, i = Entoderm-cells.] 


T. 

II. 

ni. 

Arrow- 

Amphibian 

Mammal 

worm 

(Saffitta) 

(Frog) 

(Rabbit) , 

Ic 

ic 

Ic 

2s 

2s 

2s 

4s 

4s 

(IcH-li) 

4s 

8s 

Ss 

(2 e -1- 2 z) 

8s 


(4 s -H 4 z) 

(4 e -1- 4 z) 


12 s 

12 s 


(8 s -f 4 z) 

(8 e -1- 4 z) 

16s 

16 s 

16 s 


(8 e -b 8 z) 

(8 s + Si) 


24 s 

24s 


fl6e-l-8z) 

(16 s -t- 8 i) 

32 5 

32 s 

32 s 


(16 s + 16 z) 

(16 s -b 16 z) 


i 48s 

48 s 


' (32 c -h 16 z) 

(32 e + 16 z) 

64 s 

64 s 

64 s 

{3-2 e -h 32 i) 

(32 e -h 32 z) 

(32 e + 32 z) 


965 

96s 


(04 e + S2%) 

(64 r + 32 z) 

128 ^ 

160 s 


(64 e -H 04 z) 

(128s + 32z), 


progression. All the other rows show 
c = Stem-cell . s = Segmentation - cells. 


IV. 

Snail 

V. 

Worm 

yi. 

Worm 

(Troehus) 

(Fabriela) j 

(Cyglo- 

gena) 


1 c 

Ic 

2s 

2s 

(Ic + li) 

2s 

(1 c -1- 1 z) 

4s 

Ss 

(2c + Iz) 

Ss 

(2 c — 1 z) 

8s 

(4 s + 4 z) 

Ss 

f4c + Iz) 

4s 

(3c-|-lz) 

12 s 

(8z? -1- 4i) 

6s 

(4c + 2z) 

5s 

(4 c + 1 i) 

20 s 

(I6e -4-4?) 

10 s 

(8e + 2z) 

6s 

(5 c + 1 i) 

24 s 

(16 c + 8 z) 

11s 

(8c + 3z) 

7s 

(6 c -H 1 z) 

408 

(32 c -i- 8 z) 

19 s 

(16 c + 3 z) 

8s 

(7 c + 1 z) 

44s 

(32 c -h 12 z) 

21s 

(16 c + 5 z) 

9s 

(8c -h Iz) 

76 s 

(64 c + 12 z) 

37 s 

(32 c + 5 z) 

10 s 

(9c -f- Iz) 

84 s 

(64 c + 20 z) 

38 s 

(32 c + 0 z) 


148 s 

(128c + 20z) 

70s 

(64 c -h 6 z) 

i 
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OHAPTBE IX, 


THE GASTRULATION OE THE VEETEBRATE' 

Phylogenetic unity of the vertebrate-atem. Ontogenetic unity of its gaatrulation. 
Historical relations of holoblastio and meroblastio Vertebrates. Unequal 
segmentation of the ovum and amphigaatrula of the Amphibia (tailless frogs 
and tailed salamanders). Their segmentation-cavity (blastocoel) and primitive- 
gut cavity (Eusoonian gastric cavity). Derivation of partial from total segmen- 
tation. Discoblastic Vertebrates, vnth germinal disc (discoid gastrula). 
Deep-sea bony fishes with small, and shark with large, food-yolk. Epigastrula 
(or narrow-mouthed discoid gastrula) of the Amniota. The hen’s egg and its 
large food-yolk. Discoid gastrulation of the Sauropsida (reptiles and birds) 
and Monotrema. The primitive groove of the amniote-embrj’o is the pnmitive 
mouth of their discoid gastrula. Phylogenetic disappearance of the food-yolk 
in the Mammal. Oviparous and vivaparous Mammals. Gastrulation of the 
opossum and the rabbit. Superficial segmentation of the Articulata. 

The remarkable processes of gastrulation, ovum-segmentation, and 
formation of germ-layers present a most conspicuous variety. 
There is to-day only the lowest of the Vertebrates, the Amphioxus, 
that exhibits the original form of those processes, or the palingenetio 
gastrulation which we have considered in the preceding Chapter, 
and which culminates in the formation of the archigastrula (Fig. 40). 
In all other extant Verteln’ates these fundamental processes have 
been more or less modified by adaptation to tlie conditions of 
embryonic development (especially by changes m the food-yolk) , 
they exhibit various cenogenetic forms of the formation of germ- 
layers, and thus develop by means of a mctimaHtnda. However, 
the different classes vary considerably from eacli other. In order to 
grasp the unity that underlies the manifold differences in these 
phenomena and their historical connection, it is necessary to bear in 
mind always the unity of the vertebrate-stem. This “ ])hylogenetic 
unity,” which I systematically developed in my GcncrvUe Morphologia 
in 1866, is now generally admitted .\11 impartial zoologists agree 
to-day tliat all the Vertebrates, from the Amphioxus and the fishes 
to the ape and man, descend from a common ancestor, “the primitive 
Vertebrate.” Hence the ontogenetic processes, by which each 
individual Vertebrate is developed, must also be capable of being 

1 Of. nalfoiu'h Mmiiidl qf Comm rntive Emhn/oloaiJ, Vol II., Theotloie Mortjan’s The 
DeoeLomient of the Fkhj’h Kot/. 
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reduced to one common t^Tpe of embryonic development; and this 
primitive type is most certainly exhibited to-day by the Amphioxus. 

It must, therefore, be omr next task to make a comparative study 
of the various forms of vertebrate gastrulation, and trace them 
phylogenetically to that of the Lancelot. Broadly speaking, they 
fall first into two groups : the older Cyclostoma, the earliest Fishes, 
most of the Amphibia, and the viviparous Mammals, have liolohlasUc 
ova with total, unequal segmentation ; while the younger Cyclostoma, 
most of the Fishes, Coecilia, Eeptiles, Birds, and Monotrema, have 
vieroblastic ova, with partial discoid segmentation. A closer study 
of them shows, however, that these two groups do not present a 
natural unity, and that the historical relations between their several 
divisions are very complicated. In order to understand them 
properly, we must first consider the various modifications of gastrula- 
tion in these classes. We may begin with that of the Amphibia. 

The most suitable and most available object of study in this 
class are the eggs of our indigenous Amphibia, the tailless frogs and 
toads, and the tailed salamander or newt. In spring they are to be 
found in clusters in every pond, and careful examination of the ova 
with a lens is sufficient to show at least the external features of the 
segmentation. In order to understand the whole process rightly and 
foUow the formation of the germ-layers and the gastrula, the ova 
of the frog and salamander must be carefully hardened ; then the 
thinnest possible sections must be made of the hardened ova with 
the microtome, and the stained sections must be very closely com- 
pared under a powerful microscope. 

The ova of the frog or toad are globular in shape, about two 
millimetres in diameter, and are clustered in jelly- hke masses, which 
are lumped together in the case of the frog, but form long strings in 
the case of the toad. When we examine the opaque, grey, browm, or 
blackish ova closely, we find that the upper half is darker than the 
lower. The middle of the upper half is in many species black, while 
the middle of the lower half is white.^ In this way we get a definite 
axis of the ovum with two poles. To give a clear idea of the 
segmentation of this ovum, it is best to compare it with a globe on 
the surface of which are marked the various parallels of longitude 
and latitude. The superficial dividing lines between the different 
cells, which come from the repeated segmentation of the ovum, look 

1 The colouring of the eggs of the .\iiiphibia is cautied by the accumulation of dark- 
colouring matter at the animal iiole of the ovum In consequence of this, the animal cells 
ot the ectoderm aie dai-kei than the vegetal cells of the entoderm We find the reverse 
ot this m the case of most animals, the protoplasm of the entoderm cells being usualh 
darker and ooarser-gramed. 
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like deep iurrows on the surface, and hence the whole process 
has been given the name of tocation. In reality, however, this 
“ segmentation,” which was formerly regarded as a very mysterions 
proLs, is nothing but the familiar, repeated ceU-se^entation. 
Luce Llso the segmentation-ceUs which result from it (the aap™™- 

tella or blastomeres) are real cells. 

The unequal segmentation which we observe in the ovum of the 
Amphibia has the special feature of beginning at the upper and 





F.O 42 -The eleavage of the ° 

ttiat two se«uientation-oells C ’ p sixteen cellH (H animal and H venetative) 

E twelve cells (8 animal h tliii-tv-two cells I foi'ti-ei«ht cells. 

use anneal and 3-2 vesetative, 

darker pole (the north pole of the toiresti-ial globe in our illustration), 
:l“l slUriy advances towards the lower and brighter pole Wie soufe 
pole) Also tlio upper and darker hemisphere remains in this P°sitio 
ti.roughout the course of the segmentation, and its cells multip^ 
nnieli inore briskly. Hence the cells of the lower henuspheie me 
found to be larger and less numerous. The cleavage of the stem-cell 
(Fig. 42 A) begins with the formation of a complete meridian toow, 
Uich starts from the north pole and reaches to the south (E). An 
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hour later a second meridian furrow arises in the same way, and 
this cuts the first at a right angle (Fig. 42 C). The ovum is thus 
divided into four equal parts. Each of these four “ segmentation- 
cells ” has an upper and darker and a lower brighter half. A few 
hours later a third fuiTow appears, vertically to the first two (Fig. 
42 D). This circular furrow is usually, but improperly, called the 
“ equatorial furrow it lies to the north of the equator, and is more 
like the tropic of cancer. The globular germ now consists of eight 
cells, four smaller ones above (northern) and four larger ones below 
(southern). Next, each of the four upper ones divides into two 
halves by a meridian cleavage beginning from the north pole, so that 
we now have eight above and four below (Fig. 42 B). Later, the 
four new meridian divisions extend gradually to the lower cells, and 
the number rises from twelve to sixteen (F). Then a second circular 
furrow appears, parallel to the first, and nearer to the north pole, so 
that we may compare it to the north polar circle. In this way we get 
twenty-four segmentation-cells — sixteen upper, smaller, and darker 
ones, and eight smaller and brighter ones below {G). Soon, however* 
the latter also sub-divide into sixteen, a third or “meridian of 
latitude ” appearing, this time in the southern hemisphere : this 
makes thirty-two cells altogether (JS). Then eight new meridian 
lines are formed at the north pole, and these proceed to divide, first 
the darker cells above and afterwards the lighter southern cells, and 
finally reach the south pole. In this way we get in succession forty, 
forty-eight, fifty-six, and at last sixty-four cells (I, K). In the 
meantime, the two hemispheres differ more and more from each 
other. Whereas the sluggish lower hemisphere long remains at 
thirty-two cells, the lively northern hemisphere briskly sub-divides 
twice, producing first sixty-four and then 128 cells (L, ilf). Thus 
we reach a stage in which we count on the surface of the ovum 128 
small cells in the upper half and thirty-two large ones in the lower 
half, or 160 altogether. The dissimilarity of the two halves increases : 
while the northern breaks up into a great number of small cells, the 
southern consists of a much smaller number of larger cells. Finally, 
the dark cells of the upper half grow almost over the surface of the 
ovum, leaving only a small circular spot at the south pole, where the 
large and clear cells of the lo'wer half are visible. This white region 
at the south pole corresponds, as we shall see afterwards, to the 
primitive mouth of the gaslrula. The "whole mass of the inner and 
larger and clearer cells (including the white polar region) belongs to 
the entoderm or ventral layer. The outer envelope of dark smaller 
cells forms the ectoderm or skin layer. 
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The repeated segmentation which can thus easily be followed on 
the surface of the ovum is not confined to the surface, but extends 
to the whole interior. Thus, the cells divide in planes which 
correspond pretty closely to concentric planes of the spherical body : 
more quickly in the upper and more slowly in the lower half. In 
the meantime, a large cavity, full of fluid, has been formed within 
the globular body — the segmentation-cavity or embryonic-cavity 
{blastoccel, Figs. 43-46 F, and also s in the transverse sections on 



Pigs. 43-46— Four vegetal sections of the fertilised ovum of the Toad, in four 
fluccessive Bta«ea of development The letters have the same lnoanln^' throughout — 
F negmentation-eavity D covering of same (D dorsal halt of the (.’uibri o, P ventral half). 
P ^ olk-plug (white round field at the lower pole) if volk-cells ot the entoderm (Remak's 
‘‘ glandular embryo ”) N primitive gut-cavitv (progastei oi Rusconian alimentarv-cavitv) 
The primitive mouth (piostoma) is closed by the j'olk-idug, P « partition between the 
primitive gut-cavity (N) and the segmentation cavitv (P) k I' Hoution ot the large circular 
lUKborder of the iiriniitive mouth (the Rusconian anus) The lino ot dots between 7i and 
7/ indicates the earlier connection of the volk-jilng (P) with tho central inaHU of the j'olk- 
cells (if) In I’lg, 46 the ovum haH turned flO", so that the back of tho embryo is upporuio&t 
and tho vential side down (Fiom Utrichef ) 


Plate II , Figs. 8-11) The first trace of this cavity is found in the 
niitldlo of the upper hemisphere, where the first three successive 
planes of cleavage cut each other (Plato II., Fig. 8 «)• extends 
considerably by jirogressive cleavage, and afterwards assumes an 
almost semi-circular form (Fig. 43 F ; Plate II., Figs. 9 s, 10 6*). 
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The vaulted roof of this hemispherical segmentation-cavity is formed 
by the smaller and dark-coloured cells of the ectoderm (Fig. 43 D) ; 
on the other hand, its level floor is composed of the larger and 
lighter cells of the entoderm (Fig. 43 z). The globular frog-embryo 
now represents a modified 
germinal vesicle or blastula» 
with hollow animal half and 
solid vegetal half. 

Now a second, narrower but 
longer, cavity arises by in- 
vagination from the lower 
pole, and by the falling away 
from each other of the white 
entoderm - cells (Pigs. 43- 
46 iV). This is the primitive 
gut-cavity or the gastric cavity 
of the gastrula, progaster or 
arclienteron. It was first ob- 
served in the ovum of the 
Amphibia by Rusconi, and so 
called the Rusconian alimentary-cavity. In vertical section (Fig. 44) 
it seems to be bent in the form of a sickle, and reaches almost from 
the south pole to the north, forcing upwards a part of the gut-cells 
(between the segmentation-cavity F and the dorsal covering D). 
The reason of the peculiar narrowness of the primitive gut-cavity 
here is that it is, for the most part, full of 
yolk-cells of the entoderm. These also 
stop up the whole of the wide opening of 
the primitive mouth, and form what is 
known as the “ yolk-plug,” which is seen 
freely at the white round spot at the south 
pole (P). Around it the ectoderm is much 
thicker, and forms the border of the 
primitive mouth (the properistovia) , the 
most important part of the embryo (Fig. 
46 k, k'). Soon the primitive gut-cavity 
stretches further and further at the expense 
of the segmentation-cavity (P), until at last the latter disappears 
altogether. The two cavities are separated only by a thin partition 
(Fig. 45 s). The part of the embryo under which the primitive gut- 
cavity develops is the later dorsal-surface (P). The segmentation- 
cavity lies to the front and the yolk-plug at the hinder part of the 



outer view, with the trans- 
verse fold of the primitive 
mouth (it) (From He) twig.) 



Pio 47.— Blastula of the water-salaman- 
dep (Tntcyn). fh segmentation-cavitj’, dz yolk- 
cells, rz margin-zone. (Prom Hertxotg.) 
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body; the thick hemispherical mass of the yolk-cells forms the 
ventral wall of the primitive gut. 

With the formation of the primitive gut om* frog-embryo has 
reached the gastrida stage (Plate 11., Eig. 11). But it is clear that 
this cenogenetio amphibian gastrula is very different from the real 
palingenetic gastrula we have considered (Eigs. 32-38). In the 
latter, the bell-gastrula {archigastrula), the body has only one axis. 
The primitive gut-cavity is empty and its mouth wide open. Both 
the ectoderm and the entoderm consist of a single layer of cells. 
They lie close together, the segmentation-cavity having wholly dis- 
appeared in the process of invagination. It is (^uite otherwise with 
the tufted gastrula (amphigastonila) of om’ Amphibia (Eigs. 43-46 , 
Plate II., Eig. ll). In this case the segmentation -cavity {F) remains 

for a long time beside the 
primitive gut-cavity {N). 
The latter is, for the most 
part, filled with yolk-cells, 
and the primitive mouth 
almost stopped up with them 
(yolk-plug, P). Both ento- 
derm and ectoderm consist 
of several layers of cells. 
Finally the typical form of 
the whole gastrula is no 
longer uni-axial, but tri- 
axial; owing to the eccen- 
tric development of the 
primitive gut - cavity, the 
three straight axes are deter- 
mined which characterise 
the bilateral body of the 
higher animals 

In the growth of tliis tufted gastrula w^e cannot sliarply mark off 
the various stages which we distinguish successively in the bell- 
gastrula as morula and blastula. The morula-stage (Plate II., 
Eig. 9) is no more clearly distinct from that of the blastula (Eig. 10) 
than this is from the gastrula (Fig. ll). Nevertheless, it is not 
difficult to reduce the whole cenogenetic or disturbed development of 
this amphigastrula to the true palingenetic formation of the archi- 
gastrula of the Amphioxus. 

This reduction becomes easier if, after considering the gastrula- 
tion of the tailless Amphibia (frogs and toads), we glance for a 



Fi 6 49 —Median section of a hooded-embryo 
{depula) of Triton (vesicular embryo at the 
commencement of ga&trulation) ak outer 
germ-lajer tk inner germ-layer /7i segmenta- 
tion-cavity. u CL primitive gut . u primitive mouth 
dl and vl dorsal and ventral lips of the mouth 
ds yolk-cells (Fiom Hertwia ) 
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moment at that of the tailed Amphibia, the newts and salamanders. 
In some of the latter that have only recently been carefully studied, 
and are phylogenetically older, the process is much simpler and 
clearer than is the case with the former and longer known. Our 
common water-salamander {Triton taeniatiis) is a particularly good 
subject for observation. Its nutritive yolk is much smaller and its 
formative yolk less troubled with black pigment-cells than in the 
case of the frog ; and its gastrulation has better retained the original 
palingenetic character. It was first described by Scott and Osborn 
(1879) ; and Oscar Hertwig especially made a careful study of it 
(1881), and rightly pointed out its great importance in helping us to 
understand the vertebrate development. 

The globular blastula of Triton (Fig. 47) consists of loosely- 
aggi'egated, yolk-filled ento- 
dermic cells or yolk-cells 
{dz) in the lower vegetal 
half ; the upper, animal half 
encloses the hemispherical 
segmentation - cavity (fh), 
the curved roof of which is 
formed of two or three 
strata of small ectodermic 
cells. At the point where 
the latter pass into the 
former (at the equator of 
the globular vesicle) we have 
the margin-zone {rz). The 
invagination which leads to 
the formation of the gastrula 
takes place at a spot in this 
border zone. This invagination-opening, the primitive mouth (Fig. 
48 n), is a horizontal transverse fold wuth a dorsal upper lip and ventral 
under lip. While the primitive gut (Fig 49 iid) is being bent in, a part 
of the segmentation-cavity (fh) remains at first But it grows smaller 
(Fig. 49), and finally disaiipears. In the complete gastrula (Fig. 50) 
the external germ-layer (ak) consists of a single layer of high 
cylindrical cells The internal germ-layer (ik) is, in the upper 
and dorsal half, also composed of a single stratum of cells ; these 
form the covering of the primitive gut-cavity. But the floor of the 
latter, or the lower and ventral half, consists of several layers of 
large yolk-cells {dz). This part of the entoderm, which is also 
known as the yolk-embryo (lecithoblast), is much smaller in the 



Fia. 60 —Median section of the gastrula of 
the water-salamander (rnioji). (FiovaSertvna ) 
Letters as in Fig 49; except— 2 ) S'olk-plug, mk 
beginning of the middle germ-layer. 
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water- salamander than in the frog. Here, again, a projection of it 
reaches into the primitive mouth as “yolk-plug” (Fig. 50 p). At 
the thick borders of the latter begins the formation of the middle 
germ-layer (wfc). 


A B 0 D 



Pig. 51 —Ovum-segmentation in the lamprey {Petromyzon fiumattha), in four 
BucceBsive sta-ges. The small ceUs of the upper (animal) hemisphere divide much more 
quickly than the cells of the lo’wer (vegetal) hemisphere. 




Fio 5'2 — Gastrulatlon of the lamprey 
(Pet nrmt/zoii tiui'uifiliii). A l)la.stula, with 
wide embivonic cavilj (blahtocoel, bl), a in- 
cipient mvdgiimtion. B dei)ula, with ad- 
vanced invat'ination, tioin the piiinitive 
month (c/) O gastrula, with complete primi- 
tive gut the einhivoinc cavitv has almost 
disappeared in coiibetiucnce ot invagination. 


Unequal segmentation takes place in some of the Cyclostomes 
and in the oldest fislies in just the same way as in most of the 
Amphibia Among the Cyclostomes (“ round-mouthed ”) the familiar 
lampre>s (ZVimhi//£o;i^c.s') are particularly interesting. In respect of 
organisation and development they are half-way between tlie Acrania 
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and the lowest true fishes (Selachii) ; hence I divided the group of 
the Cyclostomes in 1866 from the real fishes \wth which they were 
formerly associated, and formed of them a special class of Verte- 
brates. The ovum-segmentation in our common river-lamprey 
{Petromijzon jiuviatilis) was described by Max Schultze in 1856, and 
afterwards by Scott (1882) and Goette (1890), 

Unequal total segmentation follows the same lines in the oldest 
fishes, the Selachii and Ganoids, which are directly connected phylo- 
genetically with the Cyclostomes. The primitive fishes {Selachii), 
which we must regard as the ancestral group of the true fishes, were 
generally considered until a short time ago to be discoblastic. It 
was not until the beginning of the twentieth century that Bashford 
Dean made the important discovery in Japan that one of the oldest 
living fishes of the shark-type {Cestracioii Japonicus) has the same 
total unequal segmentation as the amphiblastic Ganoid fishes.^ 
This is particularly interesting in connection with our subject, 
because the few remaining smwivors of this division, which was so 
numerous in Paleozoic times, exhibit three different types of gastru- 
lation. The oldest and most conservative forms of the modem 
Ganoids are the scaley sturgeons {Stunoiies), fishes of great phyletic 
importance, the eggs of which are eaten as caviare ; their cleavage is 
not essentially different from that of the lampreys and Amphibia. 
On the other hand, the most modem of the Ganoids, the beautifully 
scaled bony pike of the North American rivers {Lepidosteiis), 
approaches the osseous fishes, and is discoblastic like them. A 
third genus (A;;iin) is midway between the sturgeons and the latter. 

The gi’oup of the mud-fishes {Dipneiista or Dipnoi) is closely 
connected with the older Ganoids. In respect of their whole 
organisation they are midway bet\veen the gill-breathing fishes and 
the lung-breathing Amphibia ; they share with the former the shape 
of the body and limbs, and with the latter the form of the heart and 
lungs. Of the older Dipnoi {Palachpnciista) we have now only one 
specimen, the remarkable Ceratochm of East Australia, its amphi- 
blastic gastrulation lias been recently explained by Eichard Semon 
(cf. Chapter XXI.). That of the two modern Dipneusta, of which 
Pwtojj tenia is found in Africa and LepiiJoauen in America, is not 
materially different (Cf. Fig. 53 ) 

All these amphiblastic Vertebrates, Petromyzon and Cestracion, 
Accipenser and Ceratodia, and also the Salamanders and Batraohia, 
belong to the old, conservative groups of our stem. Their unequal 

1 Baahford Dean, Holohlaattc Cleavage tn the Egg of a Shark, Cestracion japomeus 
Maoleaj . Annotatiunes zoologicue japoiienaea, Vol. IV. ; Tokio, 1901. 




in the circumstance that in segmentation their ovum divides 
into a large number of cells by repeated cleavage. All such ova 
have been called, after Eemak, “whole-cleaving” {liolohlastic) , 
liecause their division into cells is complete or total (Plate II.). 

in a great many otlier classes of animals this is not the case, as 
we find (in tlie Vertebrate stem) among the Birds, Eeptiles, and 
most of the Fislies , among the Insects and most of the Spiders and 
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Crustacea (of the Articulates) ; and the Cephalopods (of the 
Molluscs). In all these animals the mature ovum, and the stem- 
cell that arises from it in fertilisation, consist of two different and 
separate parts, which we have called formative yolk and nutritive 
yolk. The formative yolk {vitellus formativus or morpholecitlius) 
alone consists of living protoplasm, and is the active, evolutionary, 
and nucleated part of the ovum ; this alone divides in segmentation, 
and produces the numerous cells which make up the embryo. On 
the other hand, the nutritive yolk {vitellus niitritivus or trophole- 
cithus) is merely a passive part of the contents of the ovum, a 
subordinate element which contains nutritive material or deutoplasm 
(albumin, fat, etc.), and so represents in a sense the provision-store 
of the developing embryo. The latter takes a quantity of food out 
of this store, and finally consumes it all. Hence the nutritive yolk 
is of great indirect importance in embryonic development, though it 
has no direct share in it. It either does not divide at aU, or only 
later on, and does not generally consist of colls. It is sometimes 
large and sometimes small, but generally many times larger than the 
formative yolk, and hence it is that it was formerly thought the 
more important of the two. As the respective significance of these 
two parts of the ovum is often m-ongly described, it must be borne 
in mind that the nutritive yolk is only a secondary addition to the 
primary ceU ; it is an inner enclosure, not an external appendage. 
All ova that have this independent nutritive yolk are called, after 
Eemak, “ partially-cleaving ” {ineroblastic). Their segmentation is 
incomplete or partial (Plate III.). 

There are many difficulties in the way of understanding this 
partial segmentation and the gastrula that arises from it. We have 
only recently succeeded, by means of comparative research, in over- 
coming these difficulties, and reducing this cenogenetic form of 
gastrulation to the original palingenetic type. This is comparatively 
easy in the small meroblastic ova which contain little nutritive yolk 
— for instance, in the pelagic ova of a bony fish, the development of 
which I observed in 1875 at Ajaccio in Corsica (Plate III., Figs. 
18-24). I found them joined together in lumps of jelly, floating on 
the surface of the sea ; and as the little ovula were completely 
transparent, I could easily follow the development of the germ step 
by step. These ovula are glossy and colourless globules of little 
more than half a millimetre in diameter (0.64-0.66 mm). Inside a 
structureless, thin, but firm membrane {ovolevima, Fig 54 c) we find 
a large, quite clear, and transparent globule of albumin (cl). At 
both poles of its axis this globule has a pit-like depression. In the 
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pit at the tipper, animal pole (which is turned downwards in the 
floating ovum) there is a bi-convex lens composed of protoplasm, and 
this encloses the nucleus (k ) ; this is the formative yolk of the stem- 
cell, or the germinal disc (b). From the neighbourhood of this 
lens-shaped nutritive yolk a very thin protoplasmic skin spreads 
around, and this protects the nutritive yolk, the “ border-layer.” At 
the opposite or vegetal pole of the ovum, in the lower pit, there is a 
clear simple globule of fat (/). The small fat-globule and the large 
albumin-globule together form the nutritive yolk. Only the forma- 
tive yolk undergoes cleavage, the nutritive yolk not dividing at all 
at first. 

The segmentation of the lens-shaped formative yolk (6) proceeds 
quite independently of the nutritive yolk, and in perfect geometrical 
order (cf. Plate III., Figs. 18-24) ; only the formative yolk with the 
nearest part of the nutritive yolk {n) 
is given in section [through a meridian 
^ plane] in this illustration, the greater 
part of the latter and the ovolemma 
being left ouib). The stem-cell (Fig. 18) 
first divides into two equal segmenta- 
tion-cells (Fig. 19). From those we 
get by repeated sub-division first four, 
cl then eight, then sixteen cells (Fig. 20). 
By continued cleavage we then get 
thirty-two cells, sixty-four, and so on. 



Fig 54 —Ovum of a pelagic bony All these segmentation-cells are at 

flsh. b protonlahm of the stem-cell j. j 1.1 • t i 

k nucleus of same d clear (globule ni’st 01 the Same Size and character, 
of albumin, the nutritive volk ffat- rii i • • t j n 1. 

globule of same c outer membrane LdOSCiy joined together, they foi’m a 
of the ovum, or ovolemma. lens-shapod mass (Plate III., Fig. 

21), something like tlie globular 
mulberry-embryo of the primordial cleavage {morula, Plate II., 
Fig 3 ). But afterwards the border cells of the lens separate from 
the rest, and travel into the yolk and the border-layer ; tliey form 
the periblast (Fig. 55 C, _;;). From this lens-shaped morula there 
then develops a lilastula, the cells of tlie periblast making their way 
contripetally underneath the lens (Plate HI., Fig 22). The regular 
l)i-convex lens is converted into a disc like a watcli-glass with thick 
liovcleis. This convex cell-disc lies on the upper and less curved 
poliu suriace ol the nutritive yolk like the watch-glass on the watch. 
As fluid gatliers in tlie space between the blastoderm and the 
perililast, a round low cavity is formed (Fig. 22 s). This is the 
segmentation-cavity, corresponding to the central segmentation- 
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cavity of the palingenetie blastula (Plate II., Fig. 4). The slightly 
curved floor of the lower segmentation-cavity is formed by the 
periblast and nutritive yolk (n), and the greatly curved roof of it by 
the blastula-cells. Our fish-embryo is now really a vesicle with 
eccentric cavity, like the blastula of the frog (Plate II., Fig. 10) and 
the salamander (Fig, 47). But, whereas in the ease of these 
Amphibia the larger vegetal half of the blastula is formed of the big 
yolk-cells, in our bony fish it is taken up 'with the periblast and the 
structureless, undivided nutritive yolk. 

Then follows the important process of invagination, which leads 
to the formation of the gastrula. As a result of a further enlarge- 
ment and displacement of the blastula-cells, the thick borders of the 
cell-disc, which lie on the nutritive yolk, grow centripetally inwards 
towards the middle of the segmentation -cavity (Fig. 23 5 ). The 


ABC 



Fict. 55 -Ovum-segmentation of a bony fish. (Cf Plate III , Pigs 18-24.) A first 
cleavage of the stem-cell (ci/tula). B division of same into four segmentation-cells (onlj' 
two visible) C the germmal disc divides into the blastoderm (b) and the periblast (p). 
<l nutritive j oik f fat-globule c ovolemma. z space between the ovolemma and the 
ovum, filled with a clear fluid 

invagination, wdiich may also be conceived as a tuming-up of the 
border of the blastoderm, begins at a spot that corresponds to the 
edge of the primitive mouth or the later anus. The inner, hollo wed- 
out layer, consisting of one simple stratum of cells, is the entoderm ; 
it is immediately attached from the under side to the upper, several- 
layered part of the embryonic membrane, the ectoderm. In this 
process the segmentation-cavity disappears The space underneath 
tlie entoderm corresponds to the primitive gut-cavity, and is filled 
with the decreasing food-yolk (n). Thus the formation of the 
gastrula of our fish is complete. 

In contrast to the two chief forms of gastrula we considered 
previously, we give the name of discoid gastrula {discogastriila, 
Fig 56) to this third principal type. As a fact, the mass of cells 
that compose it represent a circular, concave-oonvex thin disc. This 
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disc is attached by its inner, hollow side to the curved surface of the 
nutritive yolh (w). Its outer surface is rounded convexly like a 
shield. If we make a horizontal section through the middle of the 
gastrula (in a meridian plane of the globular ovum), we find that it 
is composed of several strata (four in the present case) of cells 
(Plate III., Fig. 24). Directly over the food-yolk lies a single stratum 
of larger cells (Fig. 24 «), which have a soft, thick, coarse-grained 
protoplasm, and colour dark-red with carmine. These form the gut- 
layer or entoderm, and arise from the growth of the borders of the 
disc (invaginated germ -layer). The three outer strata that lie on it 
form the skin-layer or ectoderm (Fig. 24 e). They consist of smaller 
cells, that take very little colour in carmine: their protoplasm is 
firmer, clearer, and finer-grained. At the thickened edge of the 
gastrula, the primitive-mouth edge 
(border-swelling or properistoma), the 
entoderm and ectoderm pass into each 
other without definite limit (Fig. 
66 w). 

Of late years this discoid gastrula- 
tion of the bony fishes has been very 
carefully described by Kupffer, Van 
Bambeke, Whitman, Wilson, Kopsch, 
H. E. Ziegler, and others. In most 
of the Teleostei (bony fishes) it is 
more complicated and changed ceno- 
gentically, because the food-yolk is 
very large and forms an extensive 
globular body, an emulsion of albumin 
and fat-particles. During the growth 
of the lens-shaped germinal disc a 
part of the nucleus at the border of it travels into tlie yolk, and 
forms what is called a periblast, which surrounds tlie lilastoderm 
like a ring The incompletely divided yolk-cells of the jioriblast that 
are thus formed are also called “yolk-syncytium ”, they are used up 
as food hy the embryo with the rest of the yolk, and have no part in 
tlio building-up of the body. The same applies to the covering- 
layer, a simple tliin stratum of flat epithelial cells, which, in many 
fishes, forms the uppermost layer of the blastoderm, and at its border 
connects with the contiguous part of the periblast, the germinal wall.^ 

* ('t KmK''lo\ and Conn, Emlmiuhuni of ihe Teleohis (1883); A Agassiz and C 0. 
Whitinaii, Tlw Eriylaji incut aj O&fteoun Ftuliea (1885); M’lntoBli, Development and Life- 
historw'i ctf Fishci, (1800) 



Fig 66— Discoid gastrula (dtsco- 
aastrula) of a bony fish, a ectoderm, 
% entoderm w border-swelling or 
primitive month, n albuminous 
globule of the nutritive volk, f tat- 
globule of same c external mem- 
brane (ovolemma). fl partition be- 
tween entoderm and eotodei m (earlier 
the segmentation-cavity) 
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Very similar to the discoid gastrulation of the osseous fishes is 
that of the Myxmoida (or hag), the remarkable cyclostomes that live 
parasitically in the body-cavity of fishes, and are distinguished by 
several notable peculiarities from their nearest relatives, the lampreys 
{Petromyzon). While the amphiblastic ova of the latter are small 
and develop like those of the Amphibia, the cucumber-shaped ova 
of the hag are several centimetres long, and form a discoid gastrula. 
Up to the present it has only been observed in one species {Bdello- 
stoina Stoiiti), by Dean and Dofllein (1898). 

It is clear that the important features which distinguish the 
discoid gastrula from the other chief forms we have considered are 
determined by the large food-yolk. This takes no direct part in the 
building of the germ-layers, and completely fiUs the primitive gut- 
cavity of the gastrula, even protruding at the mouth-opening. If we 
imagine the original archigastrula (Figs. 32-38) trying to swallow a 
ball of food which is much bigger than itself, it would spread out 
round it in discoid shape in the attempt, just as we find to be the 
case here (Fig. 56). Hence we may derive the discoid gastrula from 
the original archigastrula, through the intermediate stage of the tufted 
gastrula It has arisen phylogenetically by the accumulation of a 
store of food- stuff at the vegetal pole, a “nutritive yolk” being thus 
formed in contrast to the “formative yolk.” Nevertheless, the 
gastrula is formed here, as in the previous cases, by the invagination 
of the blastula. We can, therefore, reduce this cenogenetic form of 
the discoid segmentation {gastrulatio discoidalis) to the palingenetic 
form of the primitive cleavage. 

This reduction is tolerably easy and confident in the case of the 
small ovum of our pelagic bony fish, but it becomes difficult and 
uncertain in the case of the large ova that sve find in the majority of 
the other fishes and in all the reptiles and birds. In these cases the 
food-yolk is, in the first place, comparatively colossal, the formative 
yolk being almost invisible beside it ; and, in the second place, the 
food-yolk contains a quantity of different elements, which are known 
as “ yolk-granules, yolk-globules, yolk-plates, yolk-flakes, yolk- 
vesicles,” and so on. Frequently these definite elements in the yolk 
have been described as real cells, and it has been wrongly stated that 
a portion of the embryonic body is built up from these cells. ^ This is 
by no means the case. In every case, liowever large it is — and even 

1 The eell-like matter that we find iii the undivided food-yolk of birds, reptiles, and 
fihhes iH anything but true cells, as His and others afftmi The true cells which we find in 
the iood-yolk of these lueroblastic ova after cleaoaae are migrated segmentation-cells 
(merocytes. Fig 447) 

M 
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when cell-nuclei travel into it during the cleavage of the blastoderm- 
border, and form a periblast — the nutritive yolk remains a dead 
accumulation of food, which is taken into the gut during embryonic 
development and consumed by the embryo. The latter develops 
solely from the living formative yolk of the stem-cell. This is 
equally true of the ova of our small bony fishes and of the colossal 
ova of the primitive fishes, reptiles, and birds. 

The gastrulation of the primitive fishes or Selachii (sharks and 
rays) has been carefully studied of late years by Eiickert, Eabl, and 
H. E. Ziegler in particular, and is very important in the sense that 
this group is the oldest among living fishes, and their gastrulation 
can be derived directly from that of the Cyclostomes by the accumu- 
lation of a large quantity of food-yolk. The oldest sharks {Cestracio 7 i) 
still have the unequal segmentation inherited from the Cyclostomes. 
But while in this case, as in the case of the Amphibia, the small 
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Fia 57 —Longitudinal section through the blastula of a shark (Pristnirua) (From 
Bhclett.) (Iioohed at from the left, to the right ib the hinder end, E, to the left the fore 
end, V ) B eegmentatiou-cavity, kz ceUs of the germmal membiane, dk yolk-nuclei. 

ovum completely divides into cells in segmentation, this is no longer 
so in the great majority of the Selachii (or Ela.wiohrancliii). In these 
the contractility of the active iirotoplasm no longer suffices to break 
up the huge mass of the passive deutoplasm completely into cells ; 
this is only possible in the uiiper or dorsal part, but not in the lower 
or ventral section. Hence we find in the primitive fishes a blastula 
with a small eccentric segmentation-cavity (Fig. 57 &), the wall of 
wliich varies greatly in composition. Only tlie roof (or upper wall) 
of it consists of real blastodermic cells, and forms the germinal disc 
(A'r) ; the floor or lower wall is formed of undivided yolk-stuff, in 
wliicli tlie presence of “elementary organisms” is only indicated by 
scattered yolk-graniiles [dk). The circular border of the germinal 
disc or tlie thin “ transition 2 :one,” which connects the roof and floor 
of the segmentation-cavity, corresponds to the border-zone at the 
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equator of the amphibian ovum. In the middle of its hinder border 
we have the beginning of the invagination of the primitive gut 
(Fig. 58 ; it extends gradually from this spot (which corresponds 

to the Rusconian anus of the Amphibia) forward and around, so that 
the primitive mouth becomes first crescent-shaped and then circular, 
and, as it opens wider, surrounds the ball of the larger food-yolk 
{discogastrula eury stoma). Not only the obviously divided cylindrical 
cells of the roof (the blastocytes), but also the contiguous parts of 
the yolk that contain the yolk-nuclei {dl^ or the nuclei of the still 
undivided merocytes, take part in the invagination. As these 
gradually divide and become independent, round entodermic cells, 
they form the ventral wall of the primitive gut ; its dorsal wall is 
made up of the cylindrical cells which are formed, in a continuous 
simple layer, at the inner side of the roof of the segmentation-cavity 
during the advancing invagination. The cavity is thus pressed in on 
this side also, and displaced by the cavity of the primitive gut {ud). 



dTi 


Fig 58 .— Longitudinal section of the blastula of a shank (Pristiurua) at the 
beginning of gastrulation. (From Bilckert) (Seen from the left.) Ffore end, H hind end, 
B segmentation-cavity or blastocoel, ud first trace of the primitive gut, dk yolk-nuclei, 
fd fine-gramed yolk, <]cl coarse-grained jolk. 

But only the back wall of this wide-mouthed discoid gastrula con- 
tinues for some time to consist of two distinct strata of cells (the 
primary germ-layers), its ventral wall being composed of the 
yolk-stuff. As this gradually disappears, the wide primitive mouth 
becomes smaller In this discoid gastrala the ventral lip of the 
primitive mouth is in front, the dorsal lip behind 

Essentially different from this wide-mouthed discogastrula of 
most of the Selachii is the epigastrula (of Rabl), the narrow-mouthed 
discoid gastrula of the Amniotes (the Reptiles, Birds, and Mono- 
tremes) ; between the two — as a phylogenetic intermediate stage — 
we have the holoblastic amxihigastriila of the Amphibia. The latter 
has developed from tlie amphigastrula of the Ganoids and Dipneusts, 
whereas the discoid amniote gastrula has, in turn, evolved from the 
amphibian gastrula by the addition of food-yolk. This phylogenetic 
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change of gastnilation is still found in the remarkable Ophidia {Gym- 
nophiona, Concilia, or Peromela), serpent-like Amphibia that live in 
moist soil in the tropics, and in many respects represent the transition 
from the gill-breathing Amphibia to the lung-breathing Eeptiles. 
Their embryonic development has been explained by the fine studies 
of the brothers Sarasin of Ichthyophis glutinosa at Ceylon (1887), 
and those of August Brauer of the Sypogeophis rostrata in the 
Seychelles (1897). It is only by the historical and comparative 
study of these that v^e can understand the difficult and obscure 
gastrulation of the Amniotes. 

The bird’s egg is particularly important for our purpose, because 
most of the chief studies of the development of the Vertebrates are 
based on observations of the hen’s 
egg during hatching. The mammal 
ovum is much more difficult to obtain 
and study, and for this practical and 
obvious reason very rarely thoroughly 
investigated. But we can get hens’ eggs 
in any quantity at any time, and, by 
means of artificial incubation, follow 
the development of the embryo step by 
step. The bird’s egg differs consider- 
ably from the tiny mammal ovum in 
size, a large quantity of food-yolk 
accumulating within the original yolk 
or the protoplasm of the ovum. This 
is the yellow ball whicli we commonly 
call the yolk of the egg. In order to 
understand the bird’s egg aright — for it 
is very often quite wrongly explained — 
we must examine it in its original con- 
dition, and follow it from the very beginning of its development in the 
bird’s ovary. We then see that the original ovum is a quite small, naked, 
and simple cell with a nucleus, not differing in either size or shape from 
ilie original ovum of the Mammals and other animals (cf. Eig. 13 E). 
As in tlie case of all the Craniota, the original or primitive ovum 
is covered with a continuous layer of small cells, like an 
epithelium. Tins epithelial membrane is the follicle, from which the 
ovum afterwards issues Immediately underneath it the structureless 
yolk-iiKMiihraiie is secreted from the yolk. 

The small primitive ovum of the bird begins very early to take 
up into itself a quantity of food-stuff* through the yolk- membrane, 



Pig 59 —A Pipe ovum from 
the ovary of a hen (m section) 
The yellow food-volk is com- 
posed ot concentric layers (c), 
and surrounded by a thin yolk- 
membrane (n) The nucleus or 
germinal vesicle forms, with the 
protoplasm ot the ovum, the 
tormative yolk (b) or the " scar ” 
Piom this the white yolk (here 
dark) goes into the 'solk-cavitv 
UV) But the two kinds of j oik 
are not sharplv distinct. 
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and work it up into the “yellow yolk.” In this way the OTum 
enters on its second stage (the vietovum)^ which is many times larger 
than the first, but still only a single enlarged cell. Through the 
accumulation of the store of yellow yolk within the ball of proto- 
plasm the nucleus it contains (the germinal vesicle) is forced to the 
surface of the ball. Here it is surrounded by a smaU. quantity of 
protoplasm, and with this forms the lens-shaped formative yolk 
(Fig. 59 b). This is seen on the yellow yolk-ball, at a certain point 
of the surface, as a small round white spot — the “scar” icicatriciila). 
From this scar a thread-like column of white nutritive yolk (<5), 



Fig 60 —Diagram of discoid segmentation In the bird’s ovum (magnified about 
ten times). Only the formative yolk (the scar) is shown in these sit figures [A-F), because 
cleavage only takes place m this. The much larger food-yolk, which does not share in the 
cleavage, is left out and merely indicated by the dai'k ring without A By the first division 
the cy'tula splits into two cells B These two first segmentation-cells di%'ide by a second 
cleavage (vertical to the first) into four cells. C From these four cells sixteen are formed, 
two other radial divisions takmg place between the fust *wo transverse divisions, and the 
inner ends of these eight-rayed segments being cut off by a central rmg-cleavage. D A 
stage with sixteen peripheral and some four concentric radial clefts E A stage with 
sixty-four peripheral and six circular clefts F By continuous lepetition of radial and 
circular divisions the whole scar breaks into a heap of small cells, and now forms the lens- 
shaped mulberry-type (morula) The division of tiie nuclei alwai s precedes the formation 
of clefts 


which contains no yellow yolk-granules and is softer than the 
yellow food-yolk, proceeds radially to the middle of the yellow yolk- 
ball, and forms there a small central globule of white yolk (Fig. 59 d'). 
The whole of this white yolk is not sharply separated from the yellow 
yolk, which shows a slight trace of concentric layers in the hard- 
boiled egg (Fig. 59 c). We also find in the hen’s egg, -when we break 
the shell and take out the yolk, a round small white disc at its 
surface which corresponds to the scar. But this small white 
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“ germinal disc ” is now further developed, and is really the gastrula 
of the chick. The body of the chick is formed from it alone. The 
whole white and yellow yolk-mass is without any significance for 
the formation of the embryo, it3 being merely used as food by the 
developing chick. The clear, glairous mass of albumin that surrounds 
the yellow yolk of the bird’s egg, and also the hard calcareous shell, 
are only formed within the oviduct round the impregnated ovum. 

When the fertilisation of the bird’s ovum has taken place within 
the mother’s body, we find in the lens-shaped stem-cell the progress 
of flat, discoid segmentation {gastrula discoidalis, Eig. 60). First 
two equal segmentation-cells (A) are formed from the cytula. These 
divide into four (B), then into eight, sixteen (C), tliirty-two, sixty- 
four, and so on. The cleavage of the cells is always preceded by a 
division of their nuclei. The cleavage surfaces between the segmen- 
tation-cells appear at the free surface of the scar as clefts. The 
first two divisions are vertical to each other, in the form of a cross (B). 
Then there are two more divisions, which cut the former at an angle 
of forty-five degrees. The scar, which thus becomes the germinal 
disc, now has the appearance of an eight-rayed star. A circular 
cleavage next taking place round the middle, the eight triangular 
cells divide into sixteen, of which eight are in the middle and eight 
distributed around (C). Afterwards circular clefts and radial clefts, 
directed towards the centre, alternate more or less irregularly (B, E). 
In most of the Amniotes the formation of concentric and radial clefts 
is irregular from the very first ; and so also in the hen’s egg. But 
the final outcome of the aieavage-process is once more the formation 
of a large number of small cells of a similar nature. As in the case 
of the fish-ovum, these segmentation-cells form a round, lens-shaped 
disc, which corresponds to the mulberry-embryo, and is embedded in 
a small depression of thu\ white yolk. Between the lens-shaped disc 
of the morula-cells and the underlying white yolk a small cavity is 
now formed by the accumulation of fluid, as in the fishes. Thus we 
get the peculiar and not easily recognisable blastula of the bird 
(Fig. 61). The small segmentation-cavity (fh) of this notably ceno- 
genetic blastula is very flat and much compressed. The upper or 
dorsal wall {dw) is formed of a single layer of clear, distinctly 
separated epitlielial cells , this corresponds to the upper or animal 
heuiispliere of tlie Triton-blastula (Fig. 47). The lower or ventral 
wall of tlio flat dividing space {oiu) is made up of larger and darker 
segmentation-cells, which are in part not yet separated, and pass 
directly into tlie substance of the underlying white yolk (^vd ) ; it 
corresponds to the lower or vegetal hemisphere of the blastula of the 
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newt (Fig. 47 dz). The nuclei of the yolk-cells, which are in this 
case especially numerous at the edge of the lens-shaped blastula, 
travel (as merocytes) into the white yolk, increase by cleavage, and 
contribute to the further gro-v^dih of the germinal disc by furnishing 
it with food-stuff. 

The invagination of the bird-blastula takes place in this case also 
at the hinder (aboral) pole of the subsequent chief axis, in the 
middle of the hind border of the round germinal disc (Fig. 62 s). At 
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Fig 61 —Vertical section of the blastula of a hen idiacoUaatula) fh segraentation- 
cavity, dw dorsal wall ot saone, vw ventral wall, passing directly into the white yolk {wd). 
{From Duval.) 

Fig 62 —The germinal disc of the hen’s ovum at^the beginning of gastrulatlon; 
A before incubation, B in the first hour of incubation (Prom KoUer.) Its germinal disc 
V its fore and H its hmd border; ea embryonic shield; a cvescent-groove ; ak orescent- 
knob , d yolk. 

Fig 63 —Longitudinal section of the germinal disc of a siskin idiscogaatrula) 
(Prom Duval ) ud primitive gut, vl, hi fore and hind lips of the primitive mouth (or sickle- 
edge), ak outer germ-layer, ik inner germ layer, dk yolk-nuolei, icd white yolk. 


this spot we have the most brisk cleavage of the cells ; hence the 
cells are more numerous and smaller here than m the fore-half of 
the germinal disc The border- sw’elling or thick edge of the disc is 
less clear but whiter behind, and is more sharply separated from 
contiguous parts. In the middle of its hind border there is a white, 
crescent-shaped gi-oove — Koller’s crescent-groove (Fig. 62 5 ) ; a small 
projecting process in the centre of it is called the crescent-knob (sk) 
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This important cleft is the primitive month, which was described for 
a long time as the ‘ ‘ primitive gro ove. ” If we make 
a vertical section through this part (in the middle 
plane), we see that a flat and broad cleft stretches 
imder the germinal disc forwards from the primitive 
mouth ; this is the primitive gut (Eig. 63 ud). Its 
roof or dorsal wall is formed by the folded upper 
part of the blastula, the segmentation-cavity of 
which is now only visible as an insignificant 
channel, bordered above by the simple cell-layer 
of the outer germ-layer (n/p), and below by the 
inner germ-layer with its several strata (ife). 
The floor or the ventral wall of the flat primitive 
gut is formed by the white yolk {wd), in which a 
number of yolk-nuclei {dh) are distributed. There 
is a brisk multiplication of these merocytes at the 
edge of the germinal disc, especially in the neigh- 
bourhood of the sickle-shaped primitive mouth. 

We learn from sections through later stages of 
this discoid bird-gastrula that the primitive gut- 
cavity, extending forward from the primitive mouth 
as a flat pouch, undermines the whole region of 
the round flat lens-shaped blastula (Fig. 64 ud). 
At the same time, the segmentation-cavity 
gradually disappears altogether, the folded inner 
germ-layer {ih) j)lacing itself from underneath 
on the overlying outer germ-layer {ak). The 
typical process of invagination, though greatly 
disguised, can thus be clearly seen in this case, as 
Goette and Eauber, and more recently Duval (Fig. 
64), have shown. 

The older embryologists (Pander, Baer, Remak), 
pio 64 — Longi- ill recent times especially. His, Kolliker, and 

th?’^diseofd^°gas- others, said that the two primary germ -layers of 
inSe.^ ^Prona^nit- hen’s ovum — the oldest and most frequent 

int \’7 *^)Vr<ao^atKi sub]ect of observation I — arose by horizontal 
prumtur cleavage of a simple germinal disc. In opposition 

niv ^ accepted view, I affirmed in my Gastma 

cUht-<)«a5i'ia Theory (1873) that the discoid bird-gastrula, like 

that of all other Vertebrates, is formed by folding 
(or invagination), and that this typical process 
is merely altered in a peculiar way and disguised by the immense 
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formation of spherical food-yolk and the fiat spreading of the 
discoid blastula at one part of its surface. I endeavoured to 
establish this view by the monophyletic derivation of the Verte* 
brates, and especially by proving that the birds descend from the 
reptiles, and these from the amphibia. If this is correct, the 
discoid gastrula of the Amniotes must have been formed by the 
invagination of a hollow blastula, as has been shown by Eemak and 
Eusconi of the discoid gastrula of the amphibia, their direct 
ancestors. The accurate and exti'emely careful observations of the 
authors I have mentioned (Goette, Eauber, and Duval) have 
decisively proved this recently for the birds ; and the same has 



Fia 65 — Geraiinal disc of the lizard (Sacerta aaih • (From Etipffer.) u primitive 
mouth, s crescent, es embryonic shield, Uf and ilf light and dark germinative area 

been done for the reptiles by the fine studies of Kupffer, Beneke, 
Wenkebach, and others. In the shield-shaped germinal disc of the 
lizard (Fig. 65), the crocodile, the tortoise, and other reptiles, we 
find in the middle of the hind border (at the same spot as the 
crescent-groove in the bird) a transverse furrow («). which leads into 
a flat, pouch-like, blind sac, the primitive gut. The fore (dorsal) 
and hind (ventral) lips of the transverse furrow correspond exactly 
to the lips of the primitive mouth (or crescent-groove) in the birds. 

The gastrulation of the Mammals must be derived from this 
special embryonic development of the Sauropsida (reptiles and birds). 
This latest and most advanced class of the Vertebrates has, as we 
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shall see afterwards, evolved at a comparatively recent date from an 
older group of reptiles, the Tocosauria ; and all these Amniotes must 
have come originally from a common older stem-form, the Protam- 
niota or Proreptilia. Hence the distinctive embryonic process of 
the Mammal must have arisen by cenogenetic modifications from the 
older form of gaatrulation of the Sauropsida. Until we admit this 
thesis we cannot understand phylogenetically the formation of the 
germ-layers in the Mammal, and therefore in man. 

I first advanced this fundamental principle in my essay On the 
Gastrulation of Mammals (1877), and sought to show in this way 
that I assumed a phylogenetic degeneration of the food-yolk and the 
yolk-sac on the way from the Proreptiles to the Mammals. “ The 

cenogenetic process of adap- 
tation,” I said, “which has 
occasioned the atrophy of 
the nidimentary yolk-sac of 
the mammal, is perfectly 
clear. It is the adaptation 
to the lengthy stay in the 
womb of the viviparous 
mammal, whose ancestors 
were ceriainly oviparous. 
As the great store of food- 
yolk, which the oviparous 
ancestors gave to the egg, 
became superfluous in theii* 
descendants owing to the 
long carrying in the womb, 
and tlie maternal blood in 
the wall of the uterus made 
itself the chief source of nourishment, the now useless yolk-sac was 
bound to atrophy by embryonic adaptation.” 

My opinion met with little approval at the time ; it was 
velieinently attacked by Kolliker, Hensen, and His in particular. 
However, it lias been gradually accepted, and has recently been 
liruil> established by a large number of excellent studies of mammal 
gastrulation, especially by Edward Van Beneden’s studies of the 
lablnt and hut, Belenka’s on the marsupials and rodents, Heape’s 
and Lieberkulnrs on tlie mole, Kupffer and Keihel’s on tlie rodents, 
Bonnet’s on the ruminants, etc. Prom the general comparative 
point of Carl Eabl in his theory of the mesoderm, Oscar 

Hertwig in the latest edition of his Manual (1902), and Hubreclit 



Fig (56 —Ovum of the opossum (Dulelplnji) 
divided into four. (Fiom .SVZen/vo ) b the four 
blastoiueres, r directive bodi, c unnucleatecl 
coagulated matter, p albmniiionH meinbrano 
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in his Studies in Mammmalian Embryology (1891), have supported 
the opinion, and sought to derive the peculiarly modified gastnilation 
of the Mammal from that of the reptile. 

In the meantime (1884) the studies of Wilhelm Haacke and 
Caldwell provided a proof of the long-suspected and very interesting 
fact, that the lowest Mammals, the Monotremes, lay eggs, like the 
birds and reptiles, and are not viviparous like the other Mammals. 
Although the gastrulation of the Monotremes was not reaUy known 
until studied by Richard Semon in 1894, there could be little doubt, 
in view of the great size of their food-yolk, that their ovum-segmen- 
tation was discoid, and led to the formation of a crescent-mouthed 
discogastrula, as in the case of the reptiles and birds. Hence I had, 
in 1875 (in my essay on The Gastrula and Ovum- segmentation of 
Animals), counted the Monotremes among the discoblastic A^erte- 
brates. This hypothesis was 
established as a fact nineteen 
years afterwards by the careful 
observations of Semon ; he 
gave in the second volume of 
his great work, Zoological 
Journeys in Australia (1894), 
the first description and cor- 
rect explanation of the discoid 
gastrulation of the Mono- 
tremes. The fertilised ova of 
the two living Monotremes 
{Echidna and Omitliorhyn- 
chus) are balls of 4-5 mm. 
diameter, enclosed in a stiff 
shell ; but they grow con- 
siderably during development, so that when laid the egg is three 
times as large (15-16 mm.). The structui-e of the plentiful yolk, 
and especially the relation of the yellow and the white yolk, are 
just the same as in the Sauropsida. As with these, partial cleavage 
takes place at a spot on the surface at which the small formative 
yolk and the nucleus it encloses are found. First is formed a lens- 
shaped circular germinal disc {blast odi sens). This is made up of 
several strata of cells, but it si^reads over the yolk-ball, and thus 
becomes a one-layered iilastula. If we then imagine the yolk it 
contains to be dissolved and replaced by a clear liquid, we have the 
characteristic blastula of the higher Mammals. In these the gastru- 
lation proceeds in two phases, as Semon rightly observes : firstly, 



Fin. 67 —Blastula of the opossum (Dzdel- 
phl/s) (From Selenka.) a ammal pole of the 
blastula, v vegetal pole, en mother-ceU of the 
entodeiui, ex ectodermic cells, s Bpermla, ib 
unnucleated, yolk-balls (remainder of the 
food-yolk), y albummous membrane 
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formation of the cenogenetic entoderm by delamination at the centre 
and further growth at the periphery ; secondly, invagination. In 
the Monotremes more primitive conditions have been retained better 
than in the reptiles and birds. In these Sauropsida before the 
commencement of the invagination we have, at least at the 
periphery, a two-layered embryo forming from the cleavage. But 
in the Monotremes the formation of the cenogenetic entoderm does 
not precede the invagination ; hence in this case the construction of 
the germ-layers is less modified than in the other Amniota. 

The Marsupials come next, as a second sub-class, to the 
oviparous Monotremes, the oldest of the Mammals. But as in their 
case the food-yolk is already atrophied, and the little ovum develop 




Fia Uj. Fift (59. 

Fia 68. — Blastula of the opossum (.Dulclphijs) at the hojimniiifi ot Kahtrulation 
(Fiom Sdenlia.) r ectoderin, t entoderm, n animal pole, u jnimitive month at the vegetal 
pole, J- segmeutation-cavitA , d nnnucleated jolk-balle (relics of the reduced tood-yolk). 
c nucleated curd (without Aolk-gianules) 

Fio 69— Oval gastPula of the opossum (DulelulujH), about eight hours old (From 
Seleiika) (external view) 


within the mother’s body, the partial cleavage has been reconverted 
into total. One section of the Marsupials still show points of 
agreement with the Monotremes, wliile another section of them, 
accoidmg to the splendid investigations of Selenka, form a connect- 
ing-link lietween these and the Placentals. 

Tlio fertilised ovum of the opossum (Didelph jjs) divides, according 
to Selenka, first into two, then four, then eight, eciual cells ; hence the 
segmentation is at first eciual or homogeneous. But in the course of 
the cleavage a larger cell, distinguished by its less clear plasm and its 
containing more yolk-granules (the mother-cell of the entoderm, 
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Fig. 67 ew). separates from the other blastomeres ; the latter multiply 
more rapidly than the former. As, further, a quantity of fluid 
gathers in the morula, we get a spherical blastula, the wall of which 
is of varying thickness, like that of the Amphioxus (Fig. 40 E) and 
the Amphibia (Fig. 47). The upper or animal hemisphere is formed 
of a large number of small cells ; the lower or vegetal hemisphere of 
a smaE number of large cells. One of the latter, distinguished by its 
size (Fig. 67 ew), lies at the vegetal pole of the blastula-axis, at the 
point where the primitive mouth afterwards appears. This is the 
mother-ceU of the entoderm ; it now begins to multiply by cleavage, 
and the daughter- cells (Fig. 68 ^) spread out from this spot over the 
inner surface of the blastula, though at first only over the vegetal 


hemisphere. The less clear 
entodermic cells (z) are distin- 
guished at first by their rounder 
shape and darker nuclei from 
the higher, clearer, and longer 
ectodermic cells (e) ; afterwards 
both are greatly flattened, the 
inner blastodermic ceEs more 
than the outer. 

The unnucleated yolk-baUs 
and curd (Fig. 68 d) that we 
find in the fluid of the blastula 
in these Marsupials are very 
remarkable ; they are the 
relics of the phylogenetically 
atrophied food-yolk, which 
was developed in their ances- 
tors, the Monotremes, and in 



Pia. 70 —Longitudinal section through 
the oval gastpula of the opossum (Fig 69). 
(From Belenlta ) v primitive mouth, e ecto- 
derm, i entoderm, tl yolk remains in the primi- 
tive gut-oavity («). 


the Beptiles. 

In the further course of the gastrulation of the opossum the oval 
shape of the gastrula (Fig. 69) gradually changes into globular, a 
larger quantity of fluid accumulating in the vesicle. At the same 
time the entoderm spreads further and further over the inner surface 
of the ectoderm (Fig. 70 c). A globular vesicle is formed, the wall of 
which consists of two thin simple strata of cells ; the cells of the outer 
germ-layer are rounder and those of the inner layer flattei. In the 
region of the primitive mouth (p) the cells are less flattened, and 
multiply briskly. From this point— from tiie liind (ventral) lip of 
the primitive moutli, which extends in a central cleft, the primitive 
groove — the construction of the mesoderm proceeds. 
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Gastrulation is still more modified and curtailed cenogenetically 
in the Placentals than in the Marsupials. It was first accurately 
known to us by the distinguished investigations of Edward Yan 



Fig 73. Fro 71 


Fig 71 -Stem-cell or cytula of the mammal ovum (fioin tho rabl)it) k otem- 
nnclenft, n nucjlcor coipuscle, j) protoplanui ot the 8tem-cell, inocUttetl zona pullucida, 
7/ outer albuminous membrane, « dead hperni-cellu 

Ftg 72 —Incipient cleavage of the mammal ovum (from the lablnt) The stem- 
cell has divided into two uneciual cells, one Iwhter ie) and one daikor (i) s zona iiellucida, 
h outer albuminous membrane, « dead siierm-cells 

Fk, 7.1— The first four segmentation-cells of the mammal ovum (from the 
idlibit) c The two lar«or (and lih'htoi) colls, i tho two smallei (and darker) cells, a zona 
pelhicidii, li outer alhummous mombrane. 

Fio 74 —Mammal ovum with eight segmentation-cells (from the rabbit) c foui 
lai’Hci and lii'litei blastomeics, t four smaller and darkoi ccIIh, s zona pellucida, 7i outer 
albiimnious memtnanc 


111 IHTo, the first object of study being tlio oviini of tlie 
rabbit. Bui as man also belongs to this sub-class, and as liis yet 
unstudied gastrulation cannot lie materially different from that of 
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the other Plaoentals, it merits the closest attention. We have, in 
the first place, the peculiar feature that the two first segmentation- 
cells that proceed from the cleavage of the fertilised ovum (Fig. 71) 
are of different sizes and natures ; the difference is sometimes 
greater, sometimes less (Fig. 72). One of these first daughter-cells 
of the cytula — or the first two blastomeres — is a little larger, clearer, 
and more transparent than the other. Further, the smaller cell takes 
a colour in carmine, osmium, etc., more strongly than the larger. 
By repeated cleavage of it a morula is formed, and from this a 
blastula, which changes in a very characteristic way into the greatly 
modified gastrula. When the number of the segmentation-cells in 
the mammal-embryo has reached ninety-six (in the rabbit, about 
seventy hours after impregna- 
tion) the foetus assumes a form 
very like the archigastrula (Fig. 

75; cf. Plate II., Fig. 17, in 
section). The spherical embryo 
consists of a central mass of 
thirty -two soft, round cells with 
dark nuclei, which are flattened 
into polygonal shape by mutual 
pressure, and colour dark-brown 
with osmic acid (Fig. 75 i). 

This dark central group of cells 
is surrounded by a lighter 
spherical membrane, consisting 
of sixty-four cube-shaped, small, 
and fine-grained cells which lie 
close together in a single stra- 
tum, and only colour slightly 
in osmic acid (Fig. 75 e). The 
authors who regard this embryonic form as the primary gastmla of 
the placental conceive the outer layer as tlie ectoderm and the inner 
as the entoderm. The ectodermic membrane is only internipted at 
one spot, one, two, or three of the entodermic cells being loose there. 
Tliese form the yolk-plug, and fill up the mouth of the gastrula (a). 
The central primitive gut-cavity (d) is full of entodermic cells 
(Plate II., Fig. 17). Tlie uni-axial type of the mammal gastrula is 
accentuated in this way. However, opinions still differ considerably 
as to the real nature of this provisional gastrula ” of the Placental 
and its relation to the blastula into which it is converted. 

As the gastrulation proceeds, a large spherical blastula is formed 



Fig. 75 —Gastrula of the placental Mam- 
mal lepigastriila trom the rabbit), longitu- 
dinal section through the axis e ectodermic 
cells ( sixty-tour, lighter and smaller), i ento- 
dermic cells (thirty-two, darker and larger), 
cl central entodeimio cell, hllmg the primitive 
gut-cavitj, 0 peripheral entodermic cell, 
stopping up the opening ot the primitive 
mouth ( yolk-plug in the Ruscoman anus). 
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jErom tliis peculiar solid amphigastrula of the Placental, as we saw in 
the case of the Marsupial. The accumulation of fluid in the solid 
gastrula (Fig. 76 A) leads to the formation of an eccentric cavity, the 
group of the darker entodermic cells (hy) remaining directly attached 
at one spot with the globular enveloping stratum of the lighter 
ectodermic cells {ep). This spot corresponds to the original primitive 
mouth (prostoma or blastopoms). From this important spot the 
inner germ-layer spreads all round on the inner surface of the outer 
layer, the cell-stratum of which forms the wall of the blastula ; the 
extension proceeds from the vegetal towards the animal pole. 

The cenogenetic gastrulation of the Placental has been greatly 
modified by secondary adaptation in the various groups of this most 
advanced and youngest sub-class of the Mammals. Thus, for 
instance, we find in many of the Bodents (guinea-pigs, mice, etc.) 



Fig. 76..— Gastpula of the rabbit. as a solid, spherical olustei ot cells, B changing 
into the embirs'onio vesicle, hp pimiitive mouth (or hlastoporus), ep ectoderm, hij eutodeim 
(or hypoblast) 

apparentlij a temporary inversion of the two germ-layers This is due 
to a folding of tlie blastodermic w^all by wliat is called the “ girder,” 
a plug-shaped growth of Baulior’s “ roof-layer.” It is a thin layer 
of flat epithelial cells, wliich is freed from the surface of the 
blastoderm in some of the rodents , it lias no more significance in 
connection witli the general course of placental gastrulation than the 
conspicuous departure from the usual glolnilar shape in the lilastula 
of some of tlie Ungulates. Tn some pigs and ruminants it grows into 
a tliread-like, long and thin tube. 

Thus the gastrulation of the Placentals, which diverges most 
from that ol tlio Ainphioxus, the iirimitive form, is reduced to the 
original tyjie, the invagination of a modified blastula. Its chief 
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peculiarity is that the folded part of the blastoderm does not form 
a completely closed (only open at the primitive mouth) blind sac, as 
is usual ; but this blind sac has a wide opening at the ventral curve 
(opposite to the dorsal mouth) ; and through this opening the 
primitive gut communicates from the first with the embryonic cavity 
of the blastula. The folded crest-shaped ectoderm grows with a free 
circular border on the inner surface of the entoderm towards the 
vegetal pole ; when it has reached this, and the inner surface of the 
blastula is completely grown over, the primitive gut is closed. This 
remarkable direct transition of the primitive gut-cavity into the 
segmentation-cavity is explained simply by the assumption that in 
most of the Mammals the yolk-mass, which is still possessed by the 
oldest forms of the class (the Monotremes) and their ancestors (the 
Reptiles), is atrophied. This proves the essential unity of gastrula- 
tion in all the Vertebrates, in spite of the striking differences in the 
various classes. 

In order to complete our consideration of the important processes 
of segmentation and gastrulation, we will, in conclusion, cast a brief 
glance at the fourth chief type — superficial segmentation (Plate III., 
Figs. 25-30). In the Vertebrates this form is not found at all. But 
it plays the chief part in the large stem of the Articulates — the 
Insects, Spiders, Myriapods, and Crustacea. The distinctive form 
of gastrula that comes of it is the “vesicular gastrula” (pengastrula, 
Plate III., Fig. 29). 

In the ova which undergo this superficial cleavage the formative 
yolk is sharply divided from the nutritive yolk, as in the preceding 
cases of the ova of birds, reptiles, fishes, etc.; the formative yolk 
alone undergoes cleavage. But while in the telolecithal ova with 
discoid gasti-ulation the formative yolk is not in the centre, but at 
one pole of the uni-axial ovum, and the food-yolk gathered at the 
other pole, in the ova with superficial cleavage we find the formative 
yolk spread over the whole surface of the ovum ; it encloses 
spherically the food-yolk, w'hich is accumulated in the middle of the 
centrolecithal ova. As the segmentation only affects the former and 
not the latter, it is bound to be entirely “superficial”; the store of 
food in the middle is quite untouched by it. As a rule, it proceeds 
in regular geometrical progression. (Plate III., Figs. 25-30, illustrates 
some stages of it in vertical section through the ellipsoid ova of a 
Crustacean, Peneus.) The stem-nucleus, or first segmentation- 
nucleus, which is situated originally in the centre of the stem-cell, 
divides into two, then four, eight, and finally sixteen nuclei. These 
travel centrifugaUy out of the central food-yolk, and distribute 

N 
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themselves at equal distances in the superficial formative yolk (Plate 
III., Fig. 26). Here they multiply continuously by cleavage (Eig. 27). 
Finally the whole of the formative yolk divides into a number of 
smaU and homogeneous cells, w^hich lie close together in a single 
stratum on the entire surface of the ovum, and form a superficial 
blastoderm (Fig. 28 b). This blastoderm is a simple, completely 
closed vesicle, the internal cavity of which is entirely full of food- 
yolk. This real blastula (Fig. 28) only differs from that of the 
archiblastic ova (Plate II., Fig. 4) in its chemical composition. In 
the latter the content is water or a watery jelly ; in the former it 
is a thick mixture, rich in food-yolk, of albuminous and fatty sub- 
stances. As this quantity of food-yolk fills the centre of the ovum 
before cleavage begins, there is no difference in this respect between 
the mulberry-embryo and the vesicular embryo. The two stages, 
morula and blastula, rather agree in this. 

When the blastula (Plate III., Fig. 28) is fuUy formed, we have 
again in this case the important folding or invagination that deter- 
mines gastrulation (Fig 29). At one part of the surface a round, 
pit-shaped depression appears, and this grows into a cavity — the 
primitive gut-cavity of the gastrula (Fig. 29 a) ; the point of invagina- 
tion forms the primitive mouth (o). The folded part of the blasto- 
derm, the cells of which are enlarged and assume a slender cylindrical 
shape, forms the gut-layer and encloses the primitive gut-cavity. 
The superficial part of the blastoderm that is not folded forms the 
skin-layer , its cells become smaller by repeated cleavage, and are 
flattened. The space between the skin-layer and the gut-layer (the 
remainder of the segmentation-cavity) remains full of food-yolk, 
which is gradually used up. This is the only material difference 
between our vesicular gastrula {perigastrula, Fig. 29) and the original 
form of the bell-gastrula (archigastrula, Fig. 6) Clearly the one 
has been developed from the other in the course of time, owdng to 
the accumulation of food-yolk in the centre of the ovum.^ 

We must count it an important advance that we are thus in 
a position to reduce all the various embryonic plienoniena in the 
different groups of animals to these four principal forms of segmen- 
tation and gastrulation. Of tliese four forms we must regard one 
only as tlie original palingenetic, and the other three as cenogenetic 
and derivative. Both the unequal, the discoid, and the superficial 
segmentation liave clearly arisen by a secondary adaptation from the 

' On the i eduction ot all toiinH of gastrulation (including ‘‘ delainination ") to the 
oiiginal Dahngenetic form sec especiallv the lucid treatment of the subject in Arnold 
Lang’s Miinual of CumpaKitiiv Anatonm {l&Hi), Part I. 
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primary segmentation ; and the chief cause of their development has 
been the gradual formation of the food-yolk, and the increasing 
antithesis between sfnimal and vegetal halves of the ovum, or 
between ectoderm (skin-layer) and entoderm (gut-layer). 

The numbers of careful studies of animal gastrulation that have 
been made in the last few decades have completely established the 
views I have expounded, and which I first advanced in the years 
1872-76. For a time they were greatly disputed by many embryo- 
logists. Some said that the original embryonic form of the Metazoa 
was not the gastrula, but the planula — a double-walled vesicle with 
closed cavity and without mouth-aperture ; the latter was supposed 
to pierce through gradually. It was afterwards showm that this 
planula (found in several groups of the Coelenterates) was a later 
evolution from the gastrula. It was also shown that what is called 
delamination — the rise of the two primary germ-layers by the folding 
of the surface of the blastoderm (for instance, in the Geryomda and 
other Medusae) — was a secondary formation, due to cenogenetic 
variations in time, from the original invagination of the blastula. 
The same may be said of what is called “ immigration,” in which 
certain cells or groups of cells are detached from the simple epithelial 
layer of the blastoderm, and travel into the interior of the blastula ; 
they attach themselves to the inner wall of the blastula, and form a 
second internal epithelial layer — that is to say, the entoderm. In 
these and many other controversies of modem embryology the first 
requisite for clear and natural explanation is a careful and dis- 
criminative distinction between palingenetic (hereditary) and ceno- 
genetic (adaptive) processes. If this is properly accomplished, we 
find evidence everywhere of the biogenetic law. 



FIFTH TABLE 

PHTLOGENY OF VERTEBEATE GASTRELATION 


Discogastrula mbi. 

of the Sauropsida 


Birds 


Crocodiles 


Lacertilia 


DisGOgastrula mbi 

of the Peromela 
(Coecilia) 
meroblastio 


Ohelonia 



Eplgastrula hbi. 

of the viviparous Mammals 
Plac^tals 

Marsupials 





Discogastpula mbi. 

of the oviparous Mammals 
(Monotrema) 
meroblastio 




Amphigastpula hbl. 
of most of the Amphibia 
holoblastic 


Diseogastrala mbi. 
of the bony fishes 
(Teleostii) 


Dipneusta 




Biseogastrula mbi 
of the parasitic 
Oyclostoma 
(Myxittoida) 


Modem Ganoids 

"^Discogastpula mbi. 


Amphigastpula hbi. 


of tbo modem Selachii 



N.B. 

Hbl- = holoblastic, 

with total cleavage ; 

Mbi. = meroblastio, 

with partial cleavage. 


Early Cyclostoma 
(Petromyzon) 


Apohigastpula hbl. 
of the Acrama (Amphioxus) 
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SIXTH TABLE 

SYNOPSIS OF THE FOHE DIFFEEENT FOEMS 
OF GASTEULATION OF THE VEETEBEATES 


Four Chief Stages IManner of 
of Gastrulation. Segmentation. 


I. First stage of Segmentation 
gastrulation : total, equal or un- 

Arehlgastrula equal, 

(bell-gastrula). ApehigastPUla. 

Primary form of Ova very small, 
the gastrula. without separate 
Primitive gut food-yolk, 

empty. 


II. Second Segmentation 

of gastrulation ; total, unequal. 

Amphlgastrula Amphigasfrula. 

(tufted-gastrula) 

Secondary form of Ova small, with 
the gastrula , moderate f o o d - 
Primitive gut full yolk, telolecithal. 
of segmented food- 
yolk. 


in. Third stage of Segmentation 
gastrulation: partial, discoid. 

Biscogastrula. Discogastrula. 

Tertiary form of Ova very large, 
the gastrula with plenty of 
The embryo forms food-yolk, telole- 
a flat or lens-shaped cithal The 
disc which lies greater part of 
above at the am- the food-yolk is 
mal pole of the axis not segmented, 
of the ovum. and is gradually 
Primitive gut with absorbed, 
large yolk-sac, 
which projects out- 
side the body 


Classes and Typical Genera 

Orders. ‘ or Groups. 


1. Acrania. 1. Amphioxus. 

a) Prospondylia. Lancelot . 

b) Leptocardia. 


2. The older Cy- 2. Pett omyzcnites. 

clostoma, Lampreys. 

Cyclostoma 
hyjperoartin. 

3. The oldest 3a. Cestrado^i. 

fishes. 3b. Accipenser. 

a) Proselaohii. Sc. Ceiatodus. 

b) Ganoids, 
o) Dipneusta. 

4. Most of the 4a. Salamandi-ina. 

Amphibia. 4b. Batrachia. 


) The parasitic 6. Myxinoides. 

Oyclostoma, 

Cyclostoma 

hyperotreta 

5, Most of the 6a. Sqiialacei. 
fishes (exclusive i 6b. Lejndosteiis. 
of the oldest 1 
Selachii and Gc. Tehostci. 
Ganoids) . 

7. Peromela ' 7 Ccectlin. 

(Gymnophiones) . ! 

3 Sauropsida j 8a Reptilia. 

(Saurophidia ' Sb. Aves. 

and birds). | 

3. The oldestjOa Echidna. 
mammals 96. Oynithorhrjn- 
Monottemn chits. 


IV. Fourth stage Segmentation 10 Mammahn 10a Maisiipalia. 
of gastrulation. total, unequal. A II living Mam- lOh, Placentaha. 

Epigastrula Eplgastrula. mals, except the 

i mammal gastrula) Monotremos . 

(All vivipara.) 

Quaternary form Ova small, with 
of the gastrula atrophied food- 
Primitive gut with \olk. 

small yolk- vesicle. 
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CHAPTER X. 


THE GCELOM-THEOEY' 

Number of the germ-layers in animals. Two-layered and three-layered animals 
(Ooelentera) . Four-layered animals, with two outer layers and two central 
layers (Ccelomaria) Gut-oavity and body-cavity. Nature of the four 
secondary germ-layers. Theories of their origin (folding and cleavage). Older 
theories of Baer and Remak. Hertwig’s ccelom-theory • formation of the 
body-cavity, primarily by folding, secondarily by cleavage. Approach of the 
two coBlom-pouches from the primitive mouth. Coelomation of Sagitta and 
Amphioxus. Pahngenetic and cenogenetic coelomation. Parietal layer (skm- 
fibre layer) and visceral layer (gut-fibre layer). Ocelomula and chordula. 
Corresponding stem-forms : Coelomsea and Ohordsea. Separation of the chorda 
from the dorsal wall of the primitive gut (between the two coelom-pouches). 
Empty and full pouches. The coelom-pouches of the bilaterals were onginally 
sexual glands. Their ventral coalescence. Dorsal mesentery Cenogenetic 
coelomation of the Amphibia and Ammotes. The primitive mouth of the 
amniote embryo becomes the primitive groove. The border of the primitive 
mouth (properistoma) as vegetation-point or source of embryonic development 
(blastocrene) The four-layered ocelomula of the reptiles, birds, and 
mammals. 

The two blastophylls or “primary germ-layers ” which the gastrsea- 
theory has shown to be the first foundation in the construction of 
the body are found in this simplest form throughout life only in 
Ooelentera of the lowest grade — in the Gastracads, Olynthus (the 
stem -form of the Sponges), Hydra, and cognate very siinjilo Cnidaria. 
In all the other animals new strata of cells are formed subsequently 
between these two primary body-layers, and these are generally 
comprehended under the title of the middle layer, or vienodcnn. As 
a rule, the various products of this middle layer afterwards constitute 
the gi'eat bulk of the animal frame, while the original entoderm, or 
internal germ-layer, is restricted to the clothing of the alimentary 
canal and its glandular appendages , and, on the otlier liand, the 
ectoderm, or external germ -layer, furnishes the outer clothing of the 
l)ody, the skin and nervous system. 

' C'l- “On tlin CUassiflcation ot the Animal Kunjdom ” (Qua rt Jaiini of Micros 

.SV , Vt>l X\' ), K Ra\ Laiikestoi, “On the Invaginate Planula or Dinloblastic Phase of 
Paludiiiu Vi\ ipava ” (Quart Joiini of Mictos, Sc., Vol. XV ) and “Kevision of Speculations 
Relative to the Orniin and HiKiiihcance of the Genn-lavers" (Quart Journ Micros Sc , 
Vol XVII ), Franew Raltour, "Earlv Stafiesi in the Development of Veitebrates” 

Journ. Micnus Sc, Yol XV.) 
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In some large groups of the lower animals the middle germ- 
layer remains a single connected mass ; these have been called the 
three-layered Metazoa, in opposition to the two-layered Gastrseads 
and Hydroids. To this category belong, for instance, most of the 
Sponges and the Corals or Anthozoa. The greater part of the body 
of these animals consists of mesodermal supporting tissue and 
skeletal structures embedded therein; the entodermal epithelium 
confines itself to clothing the alimentary gastro-canal system, the 
ectodermal epithelium to the cell-covering of the outer skin. In the 
Platodes also (the Turbellarian, suctorial, and tape woims) the 
greater part of the body belongs genetically to a unified “ middle 
layer,” which has been developed between the two primal^ germ- 
layers of the gastrula. 

All these three-layered animals {Triplohlashca) , like the two- 
layered Ooelentera {Biploblastica), have no body-cavity — that is to 
say, no cavity distinct from the alimentary system ; hence, they are 
also called Acmlomia. On the other hand, all the higher animals 
have this real body-cavity {ccslonia), and so are called Coelomaria (or 
Ccslomata). In all these w^e can distinguish foior secondary germ- 
layers, which develop from the two primai'y layers ; hence, the 
Ocelomaria may also be contrasted with the Ooelentera as four- 
layered Metazoa {TetrahlasHca) . To this category belong all true 
Vermalia (excepting the Platodes), and also the higher typical 
animal stems that have been evolved from them — Molluscs, Echino- 
derms. Articulates, Tunicates, and Vertebrates. 

The body-cavity (cceloma) is, therefore, a new acquisition of the 
animal body, much younger phylogenetically than the alimentary 
system, and of great importance both morphologically and physio- 
logically. I first i)ointed out this fundamental significance of the 
coelom in my monograph on the Sponges (1872), in the section 
which draws a distinction between the body-cavity and the gut- 
cavity, and wdiich follows immediately on the germ -layer theory and 
the ancestral tree of the animal kingdom (the first sketch of the 
gastrsea-theory). Up to that time these two principal cavities of 
the animal body had been confused, or very imperfectly distin- 
guished , chiefly because Leuckart, the founder of the Coelenterata 
group (1848), has attributed a body-cavity, but not a gut-cavity, to 
these lowest Metazoa. In reality, the truth is just the other way 
about. 

The ventral cavity, the original organ of nutrition in the multi- 
cellular animal-body, is the oldest and most important organ of all 
the Metazoa, and, together with the iDrimitive mouth, is formed in 
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every case in the gastrula as the primitive gut ; it is only at a much 
later stage that the body-cavity, which is entirely wanting in the 
Coelenterata, is developed in some of the Metazoa between the 
ventral and the body wall. The two cavities are entirely difi’erent 
in content and purport. The alimentary cavity {enter oti) serves the 
purpose of digestion ; it contains water and food taken from without, 
as well as the pulp (chymus) formed from this by digestion. On the 
other hand, the body-cavity, quite distinct from the gut and closed 
externally, has nothing to do with digestion; it encloses the gut 
itself and its glandular appendages, and also contains the sexual 
products and a certain amount of blood or lymph, a fluid that is 
transuded through the ventral wall. 

As soon as the body-cavity appears, the ventral wall is found to 



Fig. 77. Fig 78. 

Figs 77 and 78 — Diagrram of the four secondary grerm-layeps, tranavei-se section 
through the metazoio embivo. Fig 77 of an Annelid, Fig 78 of a Vei-malian. o primitive 
gut, M. ventral glandular layer, dt ventral flbre-laver, hm skm-hbro-layer, hs bkm-sense- 
layer, u traces of the rudimentaa.’j- kiduey.s, n trace of the nerve-plates 


be separated from the enclosing body-wall, and the two continue to 
be directly connected at various points. We can also then always 
distinguish a number of different layers of tissue in lioth walls — at 
least two in each. These tissue-layers are formed originally from 
four different simiile cell-layers, wdiich are the much -discussed four 
secondary germ-layers. The outermost of tliese, the skm-sense- 
layer (Figs. 77, 7H li.s), and the innermost, the gut-gland-layer {dd), 
remain at first simple epithelia or covering -hi vers. Tlie one limits 
the outer surface of tlie body, the other the inner surface of the 
ventral wall , hence tiiey are called limiting-layers, or victlioria. 
Between tliem are the two middle layers, or mesoblasts, which 
enclose the body-cavity 
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The four secondary germ-layers are so distributed in the structure 
of the body in all the Ocelomaria (or all Metazoa that have a body- 
cavity) that the outer two, joined fast together, constitute the body- 
wall, and the inner two the ventral wall , the two walls are separated 
by the cavity of the coelom. Each of the walls is made up of a 
limiting layer and a middle layer. The two limiting layers chiefly 
give rise to epithelia, or coyering-tissues, and glands and nerves, 
while the middle layers form the great bulk of the fibrous tissue, 
muscles, and connective matter. Hence the latter have also been 
called fibrous or muscular layers. The outer middle layer, which 
lies on the inner side, of the skin-sense-layer, is the skin-fibre-layer; 
the inner middle layer, which attaches from without to the ventral 
glandular-layer, is the ventral fibre-layer. The former is usually 
called briefly the parietal, and the latter the visceral layer, or 
mesoderm. Of the many different names that have been given to 
the four secondary germ-layers, the following are those most in use 
to-day : — 


1. Skin-sense-layer 

(outer limiting layer). 

2. Skin-flbre-layer 

(outer middle layer) . 

8. Gut-flbre-layer 

(inner middle layer) . 

4. Gut-gland-layer 

(inner limiting layer). 


I. Neural layer 

{nenrohlast). 

rr. Parietal layer 

(myoblast). 

ni. Visceral layer 

(gonoblast). 

IV. Enteral layer 

(entet'oblast) . 


The two secondary germ- 
layers of the body-wall 
(somafopleura ) ; 

I. Epithelial. 

II. Fibrous. 

The two secondary germ- 
layers of the gut-wall 
(sjplanchnopleiira) : 
in Fibrous 
TV. Epithelial. 


The first scientist to recognise and clearly distinguish the four 
secondary germ-layers was Baer, It is true that he was not quite 
clear as to their origin and further significance, and made several 
mistakes in detail in explaining them. But, on the whole, their 
great importance did not escape him, and he advanced the view as 
to the origin of the two middle layers which was afterwards adopted 
by most embryologists, and which I gave in the first edition of the 
Antlivopoffcnif . He derives each of the middle layers separately from 
a primary germ-layer (bj" cleavage), and says that the outer or animal 
layer divides into two folds (a skin-layer and a muscle-layer), and 
the inner or vegetative layer into two also (a vascular and a mucous 
layer) . As compared with the more recent and usual terminology , 
Baer’s opinion may be put as follows : — 



186 THE COELOM-THEOEY 


A. The two primary grerm- B. The four secondary germ-layers 
layers (blastophylla). {hlastojplattcB). 

1. Skin-sense-layer (Baer’s skin-layer). 

I. Outer or animal germ-layer Neural limiting layer, 

(skin-layer or ectoderm). 2. Skin-fibre-layer (Baer’s muscle-layer). 

Parietal middle layer. 


II. Inner or vegetative germ- 
layer 

(gut-layer or ectoderm). 


3. Gut-fibre-layer (Baer’s vascular layer). 

Visceral middle layer. 

4. Gut-gland-layer (Baer’s mucous layer). 

Gastral limiting layer. 


This opinion of Baer’s, which had a good deal of probability in 
respect of the physiological division of labour among the germ-layers, 
had to be given up later on in consequence of more accurate observa- 
tions. Eemak had stated, in 1850, in the first part of his distin- 
guished Studies of Vertebrate Development, that in the two-layered 
germinal disc of the new-laid hen’s egg (our chscogastnUa) a few 
hours after incubation the lower germ-layer divides into two — a 
middle germ-layer and a glandular layer. Subsequently the middle 
germ-layer, or fibrous layer, had to split up again into two — an inner 
gut-fibre-layer and an outer skin-fibre-layer. The relation of Eemak’s 
“ three-layer theory ” to Baer’s original “ four-layer theory ” may be 
expressed as follows : — 


Remak’s 

three germ-layers 

The four secondary 

The two primary 

(three-layer theory) 

Outer or I I. Outer (or upper) 

germ-layers 
(Blastoplatos) . 

germ-layers 
of Baer. 

upper -j 

germ-layer 

1. Skm-sonsc- layer 

Animal layer. 

layer. ( 

(sensory layer) . 


Ectoderm, 


TT Muldlo gcim- | 

‘2. Rkin-filirc-lavor 

Skin-lavoi. 

Timor or 

lavor (motoi-gor- -i 

3 (lut-fibio-Luer 


lower 

luinative la\<*r) \ 


Vegetative layer. 

lavor 

ITT Inner (or lower) 


Entoderm, 

gcim-layer 

4. (Jut-gland-Luor 

(fut l.ivei 


^ (tiophic J<i\er) 

Remak’s tlieory of the germ-layers, in the following-up of which 
this distinguislied observer made some very important discoveries, 
soon met with a])proval, especially as it was tiie first clear recognition 
of the constituent elementary ])arts of the germ-layers, and the first 
l)rovision of an histological foundation for ontogeny liy an application 
(;f the cell-theory. The assumption that the secondary germ-layers 
arise from the primary by the cleavage of surfaces — in which Baer 
and Eeniak agree — was admitted by embryologists who dissented on 
other points ; Kollikor, for instance, who holds that “ in the higher 
Vertebrates the middle germ-layer originates from the outer.” These 
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generally-accepted theories of cleavage began to give vray thirty years 
ago, when Kowalevsky (1871) showed that in the case of Sagitta (a 
very clear and typical subject of gastrulation) the two middle germ- 
layers and the two limiting layers arise, not by cleavage, but by 
folding — a secondai*y invagination of the primary inner germ -layer. 
This invagination proceeds from the primitive mouth, at the two 
sides of which (right and left) a couple of pouches are formed. As 
these ccelom-pouches or coelom-sacs detach themselves from the 
primitive gut, a double body-cavity is formed (Eigs. 77-9). 

The same kind of coelom-formation as in Sagitta was afterwards 
found by Kowalevsky in Brachiopods and other Invertebrates, and in 
the lowest Vertebrate — the Amphioxus. ErnTther instances were 
discovered by two Engbsh embryologists, to whom we owe very con- 
siderable advance in ontogeny — Sir E. Eay Lankester and E. Balfour. 
On the strength of these and other studies, as well as most extensive 
research of their own, the brothers Oscar and Richard Hert^vig con- 
structed in 1881 the Coslom-Theory : An Attempt to Explain the 
Middle Gemi-Layer. In order to appreciate fully the great merit of 
this illuminating and helpful theory one must remember what a 
chaos of contradictory views was then represented by the “ problem 
of the mesoderm,” or the much-disputed “ question of the origin of 
the middle germ-layer.” In particular the curious “parablast 
theory ” of the Leipzig embryologist, His, based on the most perverse 
assumptions, had caused a frightful confusion ; not only all possible, 
but a good many impossible, ideas as to the origin of the secondary" 
germ-layers, the development of the tissues from them, and the building- 
up of the animal body, were then seriously and dogmatically discussed 
(cf. Chapter III., p. 41). The coelom-theory of the brothers Hertwig 
brought some light and order into this infinite confusion by estab- 
lishing tlie following points : 1. The body-cavity originates in the 
great majority of animals (especially in all the Vertebrates) in the 
same way as in Sagitta , a couple of pouches or sacs are formed by 
invagination at the primitive mouth, between the two primary germ- 
layers ; as these pouches detach from the primitive gut, a pair of 
coelom-sacs (right and left) are formed, tlie coalescence of these 
produces a simple body-cavity (enterocoel) 2 When these coelom - 
structures develop, not as a pair of hollow pouches, but as solid 
layers of cells (in the shape of a pair of mesodermic streaks) — as 
happens in the higher Vertebrates — we have a secondary (ceno- 
genetic) modification of the primary (palingenetic) structure ; the 
two walls of the pouches, inner and outer, are pressed together by 
the expansion of the large food-yolk. 3. Hence the mesoderm 
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consists from the first of two genetically distinct layers, which do not 
originate by the cleavage of a primary simple middle layer (as Eemak 
supposed). 4. These two middle layers have, in all Yertebrates and 
the great majority of the Invertebrates, the same radical significance 
for the construction of the animal body ; the inner middle layer, or 
the visceral mesoderm (gut-fibre-layer), attaches itself to the original 
entoderm, and forms the fibrous, muscular, and connective part of 
the visceral wall {splanchnopleura) ; the outer middle layer, or the 
parietal mesoderm (skin-fibre-layer), attaches itself to the original 
ectoderm, and forms the fibrous, muscular, and connective part of 
the body-wall (sotnatopleura) . 5. It is only at the point of origina- 

tion, the primitive mouth and its vicinity, that the four secondary 
germ-layers are directly connected ; from this point the two middle 
layers advance forward separately between the two primary germ- 
layers, to which they severally attach themselves. 6. The further 
separation or differentiation of the four secondary germ-layers and 
their division into the various tissues and organs take place especially 
in the later fore-part or head of the embryo, and extend backwards 
from there towards the primitive mouth. 

All animals in which the body-cavity demonstrably arises in this 
way from the primitive gut (Vertebrates, Tunicates, Echinoderms, 
Articulates, and a part of the Vermalia) were comprised by the 
Hertwigs under the title of Enteroccelcv, and were contrasted with the 
other groups of the Pseudoccela (with false body-cavity) and the 
Qmhnterata (with no body-cavity). Among the Pseudocoela they 
counted the Molluscs and a part of the Yermalia (Plathelmintha, 
Bryozoa, and Eotifers). In these cases the body-cavity eitlier 
represented a relic of the segmeutation-cavity (blastocccl) or arose 
secondarily by cleavage or the formation of holes in a solid mesoderm 
(schizocoel). However, this radical distinction and the views as to 
classification which it occasioned have been shown to l')e untenable. 
Further, the absolute differences in tissue-formation which the 
Hertwigs set up between the Enterocoela and Pseudocccla cannot be 
sustained in this connection For these and other reasons their 
ccjelom -theory has lieen mncli criticised and jiartly abandoned. 
Nevertheless, it has rendered a great and lasting service in the 
solution of the difficult problem of tlie inesotlorm, and a material 
])ait ol it will certainly he retained I consider it an cs])ecial merit 
of the tlieory that it has established the similarity of the development 
of the tw’o middle lasers in all the Yertebrates, and has traced them 
as cenogenetic modifications back to the original palingenetic form 
of develoiiment that we still find in the Amphioxus. Carl Eabl 
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comes to the same conclusion in his able Theory of the Mesoderm, 
and so do Eay Lankester, Eauber, Kupffer, Eiickert, Selenka, 
Hatschek, and others. There is a general agreement in these and 
many other recent writers that all the different forms of coelom-con- 
struction, like those of gastrulation, follow one and the same strict 
hereditary law in the vast vertebrate stem ; in spite of their apparent 
differences, they are only cenogenetic modifications of one palingenetic 
type, and this original type has been preserved for us down to the 
present day by the invaluable Amphioxus. 

But before we go into the regular coelomation of the Amphioxus, 
we will glance at that of the arrow worm (Sagitta), the remarkable 
pelagic worm that is interesting in so many ways for comparative 
anatomy and ontogeny. On the one hand, the transparency of the 



Fig 79 — Ccelomula of Sagitta (gastmla with a couple of ccelom-pouches). (From 
Koioalevhliu } bl, primitive mouth, al primitive gut, 23i> ecelom-folds, m permanent 
mouth. 

Fig. 80— Ccelomula of Sagitta, m section (From, Hertwiy.) I> dorsal side, Fventral 
side, ifc inner germ-las’er, mv visceral mesoblast, Ih body-cavit^', mp parietal mesoblast, 
Ilk outer germ-layer. 


body and its embr 3 -"o, and, on the other hand, the typical simplicity 
of its palingenetic development, make the Sagitta a most instructive 
object in connection with various problems. The class of the Chatog- 
natha, which is only represented by the cognate genera of Sagitta 
and Spadella, is in another respect also a most remarkable branch 
of the extensive worm-stem. It was, therefore, very gratifying that 
Oscar Hertwig (1880) fully explained the anatomy, classification, 
and evolution of the Ohcetognatha in his careful monograph. 

The spherical blastula that aidses from the impregnated ovum of 
Sagitta is converted by uni-polar folding into a typical archigastrula, 
entirely similar to that of the Monoxema wdiich I described (Chapter 
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YIII., Eig. 31). This oval, uni-axial cup-larva (circular in section) 
becomes bilateral (or tri-axial) by the growth of a couple of coelom- 
pouches from the primitive gut (Figs. 79, 80). To the right and left 
a sac-shaped fold appears towards the oral pole (where the permanent 
mouth, m, afterwards arises). The two sacs are at first separated 
by a couple of folds of the entoderm (Fig. 79 iJu), and are still con- 
nected with the primitive gut by wide apertm'es ; they also communi- 
cate for a short time with the dorsal side (Fig. 80 d). Soon, however, 
the coelom-pouches completely separate from each other and from 
the primitive gut ; at the same time they enlarge so much that they 
close round the primitive gut (Fig. 81). But in the middle line of 
the dorsal and ventral sides the pouches remain separated, their 
approaching walls joining here to form a thin vertical partition, the 
mesentery {dm and Thus Sagitta has throughout life a double 

body-cavity (Fig. 81 IJi), and the gut is 
fastened to the body-wall both above and 
below by a mesentery — below by the ventral 
mesentery (yw), and above by the dorsal 
ah mesentery (dwt). The inner layer of the two 
wtu coelom-pouches (visceral mesoblast, mv) 
17 , attaches itself to the entoderm {ik), and 
forms with it the visceral wall. The outer 
mp layer (parietal mesoblast, Dip) attaches itself 
to the ectoderm {aU), and forms with it the 
yo^ng®^Sa|ftta.°” (Prom o^ter body-wall. Thus we have in Sagitta 
and at ^ perfectly clear and simple illustration of the 

rd^nrmnlr &ute? o^ginal coelomation of the Enterocmla. This 
S^tltrzS'and vlh do^ai' paHngenetic fact is the more important, as 

and visceral iiiesenteiT. the greater part of the two body-cavities in 

Sagitta changes afterwards into sexual glands 
— the fore or female part into a pair of ovaries, and the hind or 
male part into a pair of testicles. 

Coelomation takes place with equal clearness and transparency in 
the case of the Amphioxus, tlie lowest Vertebrate, and its nearest 
relatives, the Invertebrate Tunicates, the Ascidiae. However, in 
these two steins, which we class togetlier as Chordoma, this impor- 
tant process is more complex as two other processes are associated 
with it — the development of the chorda from the entoderm and the 
separation of the medullary plate or nervous centre from the ectoderm. 
Here again the skulless Amphioxus has preserved to our own time 
by tenacious heredity the chief phenomena in their original form, 
while it has been more or less modified by embryonic adaptation in 
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ail the other Vertebrates (with skulls). Hence we must once more 
thoroughly understand the palingenetic embiyonic featm*es of the 
Lancelot before we go on to consider the cenogenetic forms of the 
Craniota. 

The coelomation of the Amphioxus, which was first obseiwed by 
Kowalevsky in 1867, has been very carefully studied since by 
Hatschek (1881). According to him, there are first formed on the 
bilateral gastrula, which we have abeady considered (Figs. 40, 41), 
three parallel longitudinal folds — one single ectodermal fold in the 
central line of the dorsal surface, and a pair of entodermic folds at 
the two sides of the former. The broad ectodermal fold that first 
appears in the median line of the flattened dorsal surface, and forms 
a shallow longitudinal groove, is the beginning of the central nervous 



Fig 8*2. -j Pig 83. 

Pigs. 83 and 83 — Transverse section of Amphloxus-Iarvse. (Prom HatacheTt ) 
Fig. 82 at the connnencement of coelom-formation (still -without segments), Fig 83 at the 
stage with four primitive segments ofc, iTc, outer, inner, and middle germ-layer, 
lip horn-plate, mp meduUarj' plate, cli chorda, ‘ and * disposition of the ccelom-pouches. 
Ih body-cavity 

/ 

system, the medullary tube. 3 primary outer germ-layer 

divides into two parts, the meig 'Uary plate (Fig. 84 mp) and 

the horn-plate (uA:), the begin ^.'^^<!^n.^^(Fthe outer skin or epidermis. 
As the parallel borders of th^ ^</tubfe medullary plate fold towards 
each other and grow undemet.^^onm horn-plate, a cylindrical tube is 
formed, the medullary tube (^atm’j n)\ this quickly detaches itself 
altogether from the hom-plat»’^^Ar t gije of the medullary tube 
between it and the alimen/^r tube (Figs. 82-85 dJi), the two 
parallel longitudinal folds gro^ ' out of the dorsal wall of the alimen- 
tary tube, and these form the two ccelom-pouches (Figs. 83 and 84 Ih). 
This part of the entodei:ni, which thus represents the first structure 
of the middle germ-layer, is shown darker than the rest of the inner 
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germ-layer in Eigs. 82-85. The place of the double mesodermic 
fold is indicated in Fig. 83 with asterisks (" *). The basal edges 
of the curved folds grow together at these points, and form closed 
pouches (Eig. 84 in transverse section). The hindermost part of the 
two parallel mesodermic folds attaches originally to the border of the 
primitive mouth, and is connected there with the two large “ primi- 
tive mesodermic cells” or “promesoblasts,” which we have con- 
sidered previously (Eig. 41 p). The embryonic structures that 
develop from the latter may be called, with Rabl, peristomal meso- 
blasts, in opposition to the structures of the former, the gastral 
mesoblasts. 

During this interesting process the outline of a third very 
important organ, the chorda or axial rod, is being formed between the 
two coelom-pouches. This first foundation of the skeleton, a solid 



Fiaa 84 and 85 — Transverse sec Con of Amphloxus-embryo. Fig. 84 at the stage 
with five somites, Fig. 85 at the stage with eleven somites (From Hatschek ) ak, outer 
genii-laver, mp medullai> plate, n nerve-tube, tfc mner germ-laver, dh visceral cavity, 
Ih l)odv-ca\'ity, mk middle geim-laj'er lm7i:i parietal, mfca visceral), us primitive segment, 
ch chorda. 


cylindrical cartilaginous formed in the median line of the 

dorsal primitive gut-wall, "-o an the entodermal cell-streak that 
remains here between the t'les. hlom-pouches (Eigs 82-85 c/i). The 
chorda appears at first in thJi eippe of a flat longitudinal fold or a 
shallow groove (Eigs 83, 84) locoes not become a solid cylindrical 
cord until after separation froii/jat© primitive gut (Eig. 85) Hence 
wo might say tliat the dorsal wa^gepf the primitive gut forms three 
parallol longitudinal folds at this > (iportant period — one single and 
a pair of folds. Tlie single medith longitudinal fold becomes the 
chorda, and lies immediately below the middle longitudinal groove of 
tJie ectoderm, which becomes the medullary tube, the pair of 
longitudinal folds, right and left, lie at the aides between the former 
and the lattei, and form the coelom-pouches. The part of the 
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primitive gut that remains after the cutting off of these three dorsal 
primitive organs is the permanent gut (enteron or mesodaeum) ; its 
entoderm is the gut-gland-layer or enteric layer (enterohlast). 




Figs 86 and 87 — Chordula of the Amphloxus. Fig. 86 median longitudinal section 
(seen from the lett) Fig 87 transverse section (From Hatachek ) In Fig 86 the ccelom- 
pouches aie omitted, in order to show the chordula more clearly Fig. 87 is rather 
diagrammatic, h hoin-plate, m medullaiT tube, n wall of same in' dorsal ii" ventral), 
cli chorda, )u> neiiroporus, ne canalis neurentencus, d gnt-cavitv, )' gut doihal wall, b gut 
ventral w'all, z yolk-cells m the latter, u primitive mouth, o mouth-pit, p promesoblasta 
(piimitive or polar cells of the mesoderm), w parietal layer, v visceral lajer of the 
mesoderm, c coelom, / rest of the segmentation-cavity 

Figs 88 and 89 — ChOPdula of the Amphibia (the Ringed-snake) (From Ooette ) 
Fig 88 median longitudinal section (seen from the left). Fig 89 transverse section (shghtly 
diagrammatic) Lettering as in Figs. 88 and 87 


I give the name of chordula or chorda-larva to the embiTonie 
stage of the vertebrate organism which is represented by the 
Amphioxus-larva at this period (Figs. 86, 87, in the third period of 

0 
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development according to Hatschek). (Strabo and Plinius give the 
name of cordula or cordtjla to young fish-larvse.) I ascribe the 
utmost phylogenetic significance to it, as it is found in all the 
Ohordonia (Tunicates as well as Vertebrates) in essentially the same 
form. Although the construction of the large food-yolk greatly 
modifiies the form of the chordula in the higher Vertebrates, it 
remains the same in its main features throughout. In all cases the 
nerve-tube (?«.) lies on the dorsal side of the bilateral, worm-hke 
body, the visceral tube (d) on the ventral side, the chorda {ch) 
between the two, on the long axis, and the coelom-pouches (c) at 
each side. In every case these primitive organs develop in the same 
way from the germ-layers, and the same organs always arise from 
them in the mature chorda-animal. Hence we may conclude, 
according to the laws of heredity of the theory of descent, that aU 
these Ohordonia or Chordata (Tunicates and Vertebrates) descend 
from an ancient common ancestral form, which we may call Ckordcea. 
We should regard this long-extinct Ohordasa, if it were still in 
existence, as a special class of unarticulated worm (Chordaria). It 
is especially noteworthy that neither the dorsal nerve-tube nor the 
ventral gut-tube, nor even the chorda that lies between them, shows 
any trace of segmentation or metamera-formation ; even the two 
coelom- sacs are not segmented at first (though in the Amphioxus 
they quickly divide into a aeries of somites, or segments, by 
transverse folding). These ontogenetic facts are of the gi’eatest 
importance for the purpose of learning those ancestral forms of the 
Vertebrates which we have to seek in the group of the unsegmented 
Vermalia. The coelom -pouches were originally sexual glands in these 
ancient Ohordonia. 

From the phylogenetic point of view the coelom-pouches are, in 
any case, older than the chorda ; since they also develop in the same 
way as in the Ohordonia in a number of Invertebrates which have 
no chorda (for instance, Sagitta, Figs. 79-81) Moreover, in the 
Amphioxus the first outline of the chorda appears later than that of 
the coelom-sacs Hence we must, according to tlie biogenetic law, 
postulate a special intermediate form between the gastrula and the 
cliordula, wliich we will call Cadomula, an unarticulated, worm-hke 
liody witli primitive gut, primitive mouth, and a double body-cavity, 
but no cliorda. This embryonic form, the bilateral Ooelomula 
(Fig. 84), may in turn he regarded as the ontogenetic reproduction 
(maintained by heredity) of an ancient ancestral form of the 
Coelomaria, tho Cielovicea (cf. Chapter XX.). 

In Sagitta and other worms the two coelom -pouches (presumably 
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the gonads or sex-glands of the Coelomsea} axe separated by a 
complete median partition, the dorsal and ventral mesenteiy 
(Eig. 81 dm and wn ) ; but in the Vertebrates only the upper part of 
this vertical partition is maintained, and forms the dorsal mesenter>% 
This mesentery afterwards tahes the form of a thin membrane, 
which fastens the visceral tube to the chorda (or the vertebral 
column). At the under side of the visceral tube the ccelom-sacs 
blend together, their inner or median walls breaking down and 
disappearing. The body-cavity then forms a single simple hollow, 
in which the gut is quite free, or only attached to the dorsal w-all by 
means of the mesentery (of- Plate IV., Eig. 6). 

The development of the body-cavity and the formation of the 
chordiUa in the higher Vertebrates is, like that of the gastrula, 
chiefly modified by the pressure of the food-yolk on the embr^’onic 
structures, which forces its hinder part into a discoid expansion. 
These cenogenetic modifications seem to be so great that until 
twenty years ago these important processes were totally misunder- 
stood. It was generally believed that the body-cavity in man and 
the higher Vertebrates was due to the division of a simple middle 
layer, and that the latter arose by cleavage from one or both of the 
primary germ-layers. The truth was brought to light at last by the 
comparative embiyological research of the Hertwigs. They showed 
in their Gcehni’ Theory (1881) that aU Vertebrates are true Entero- 
coela, and that in every case a pair of coelom-pouches are developed 
from the primitive gut by folding. The cenogenetic chordula-forms 
of the Graniotes must, therefore, be derived in the same way from the 
palingenetic embryology of the Amphioxus, as I had previously 
proved for their gastrula-forms. 

The chief difference between the coelomation of the Acrania 
{Amphioxus) and the other Vertebrates (Graniotes) is that the two 
coelom-folds of the primitive gut in the former are from the first 
hollow vesicles, filled with fluid, but in the latter are empty pouches, 
the layers of which (inner and outer) touch each other. In common 
parlance we still call a pouch or pocket by that name, whether it is 
full or empty. It is different in ontogeny ; in embiyological litera- 
ture ordinary logic does not count for very much. In many of the 
manuals and large treatises on this science it is proved that vesicles, 
pouches, or sacs deseiwe that name only when tliey are inflated and 
filled with a clear fluid. When the^ are not so filled (for instance, 
when the primitive gut of the gastrula is filled with yolk, or when 
the walls of the empty coelom -pouclies are pressed together), these 
vesicles must not be cavities any longer, but solid stiuctures.” 
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The evolution of the large food-yolk in the ventral wall of the 
primitive gut (Figs. 88, 89) is the simple cenogenetic cause that 
converts the sac-shaped coelom-pouches of the Acrania into the leaf- 
shaped coelom-streaks of the Craniotes. To convince ourselves of 
this we need only compare, with Hertwig, the palingenetic coelo- 
mula of the Amphioxus (Figs. 83, 84) with the corresponding 
cenogenetic form of the Amphibia (Figs. 92-94), and construct the 
simple diagram that connects the two (Figs. 90, 91). If we imagine 
the ventral half of the primitive gut- wall in the Amphioxus embryo 
(Figs. 82-87) distended with food-yolk, the vesicular coelom-pouches 
{ih) must be pressed together by this, and forced to extend in the 
shape of a thin double plate between the gut-wall and body-wall 



Fiq 90 Fig 91 


Figs 90 and 91 — Diagrammatic vertical section of coelomula-embryos of Verte- 
brates. (From He) tWKi ) Fix 90, voitical section f/uoHoli the Diiiiutive mouth. Fifi. 91, 
vertical section hefnrp the jirimitive mouth u iirimitivo mouth, ltd primitive fjut, d yolk, 
dk volk-nuclei, dh fiut-cavitv, Ih hodv-cavity, mp iiiediillaiy iilate, ch chorda-iilate, ak and 
tk outer and inner {{eriu-lajorB, ph iiarietal and vh visceral mosoblast. 


(Figs. 89, 90). TJlis expansion follows a downward and forward 
direction. They are not directly connected witli these two walls. 
The real unbroken connection lietween tlie two middle layers and 
tlie primary germ-layers is found right at tlie back, in tlie region of 
the primitive mouth (Fig. 90 'll). At this important spot we have 
tho source of embryonic development {blastocrcne) , or “ zone of 
growth,” from which the coeloraation (and also the gastrulation) 
originally proceeds. 

ITertwig even succeeded in showing, in the ccelomula-embryo of 
the watei Hahimaiidor (Triton) , \)etv7een tlie first structures of the 
two miildle layers, the relic of the body-cavity, whicli is represented 
in the diagrammatic transitional form (Figs. 90, 91). In sections 
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both through the primitive mouth itself (Fig. 92) and in front of it 
(Eig. 93) the two middle layers (p6 and vh) diverge from each other, 
and disclose the two body-cavities as narrow clefts. At the primi- 
tive mouth itself (Eig. 92 it) we can penetrate into them from with- 
out. It is only here at the border of the primitive mouth that we 
can show the direct transition of the two middle layers into the two 
limiting layers or primary germ-layers. 

The structure of the chorda also shows the same features in 
these coelomula-embryos of the Amphibia (Eig. 94) as in the 
Amphioxus (Eigs. 82-85). It arises from the entodermic cell-streak, 
which forms the middle dorsal line of the primitive gut, and occupies 
the space between the flat coelom-pouches (Eig. 94 A). While the 
nervous centre is formed here in the median line of the back and 


u mi ma 



Fig 92 Fig 93 


Figs 92 and 93 —Transverse section of coelomula-embryos of Triton. (From 
Hertwia ) Fig 92 section through the primitive mouth, Fig. 93 section in front of the 
primitive mouth u primitive mouth, dh gut-cavity, dz yolk-cells, dp yolk-plug, ah outer 
and ifc inner germ-lajer, i)& peinetal and vb visceral middle layer, 7/i medullary plate, ch 
chorda 

separated from the ectoderm as “medullary tube,” there takes place 
at the same time, directly underneath, the severance of the chorda 
from the entoderm (Eig. 94, A, B, C). Under the chorda is formed 
(out of the ventral entodermic half of the gastrula) the permanent 
gut or visceral cavity {eiiteton) (Eig. 94, B, dh). Tliis is done by the 
coalescence, under the chorda in the median line, of the two dorsal 
borders of the gut-gland-layer {ik), which were previously separated 
by the chorda-plate (Fig. 94, A, ch ) , these now alone form the 
clothing of the visceral cavity {dh) (enteroderm, Eig. 94, C). All 
these important modifications take place at first in the fore or head- 
part of the embryo, and spreaj backw ards from there ; here at the 
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hinder end, the region of the primitive mouth, the important border 
of the mouth (or propenstmnd) remains for a long time the source of 
development {blastocrene), or the zone of fresh construction, in the 
further building-up of the organism. 



G 



Ftg. 04 J?, C— Vertical section of the dorsal part of three Triton-embryos. 

(Fiouj Hcitu'io ) In Fig. A the uiedullaiT Hwellinga (the parttllel bordeisof the medullary 
lilatu) begin to rise , in Fig B they glow towards each other , ui Fi>4 0 they join and lorm 
the uioclullaiv tube rnp medullary plate, nif inedullaiT folds, nerve-tube, c7i chorda, 
Ui borh -cavity, m A i and wfc j parietal and visceral luesoblasts, iic pnimtive-segiiient cavities, 
«7i ectoderm, entodeiiii, de yolk-cells, d7i gut-cavity 


One has only to compare carefully the illustrations given 
(Figs. 88-94) to see tlmt, as a fact, the cenogenetic coolomation of the 
Amphibia can be deduced directly from the palingenetic form of the 
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Acrania (Figs. 82-87). Hence Hertwig was quite right in formu- 
lating the following important thesis on the basis of this comparison : 
“ The closing of the permanent gut at the dorsal side, the severance 
of the two body-sacs from the inner germ-layer, and the rise of the 
chorda dorsalis, are pi’oceases with the most intimate relations to 
each other, both in the Amphibia and the Amphioxus. Here also 
the severance of the said parts begins at the head- extremity of the 
embryo, and proceeds slowly backwards, where for a long time a zone 
of new formation remains, by means of which the longitudinal growth 
of the body is effected.” 

The same principle holds good for the Amniotes, the three higher 
classes of Vertebrates, although in this case the processes of coeloma- 



PlG 96. 
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Fig 95.— Transverse section of the chordula-embryo of a bird (from ahen’s egg at the 
close of the first day of incubation). (From Kolliker). h horn-plate (ectoderm), m medullary: 
plate Bf dorsal folds of same, JPv medullary furrow, eJi chorda, uwj) median (inner) part of 
the middle layer (median wall of the coelom-pouches), sp lateral (outer) part of same, or 
lateral plates, muh structure of the body-cavitj, dd gut-gland-layer. 

Fig. 96.— Transverse section of the vertebrate-embryo of a bird (from a hen’s egg 
on the second day of incubation). (From KolhTcer,) h horn-plate, mr medullary tube, 
ch chorda, uw primitive segments, uwh primitive-segment cavity (median relic of the 
coelom), sp lateral ccelom-oleft, Tipl skin-flbre-layer, df gut-flbre-layer.MHC pnmitive-kidney 
passage, ao primitive aorta, dd gut-gland-layer. 

tion are more modified and more difi&cult to identify on account of 
the colossal accumulation of food-yolk and the coiTesponding notable 
flattening of the germinal disc. However, as the whole group of the 
Amniotes has been developed at a comparatively late date from the 
class of the Amphibia, their coelomation must also be directly trace- 
able to that of the latter. This is really possible as a matter of fact ; 
even the older and more objective illustrations showed an essential 
identity of features. Thus over forty years ago Kolliker gave, in the first 
edition of his Evolution of Man (1861), some sections of the chicken- 
embryo, the features of which could at once be reduced to those 
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already described and explained in the sense of Hertwig’s coelom- 
theory. A section through the embiTo of the hatched hen’s egg 
towards the close of the first day of incubation shows in the middle 
of the dorsal surface a broad ectodermic medullary groove (Fig. 
and underneath the middle of the chorda (ch) and at each side of it 
a couple of broad mesodermic layers ( 5 ^?). These enclose a narrow 
space or cleft (ittoh), which is nothing else than the structure of the 
body-cavity. The two layers that enclose it — the upper parietal layer 
(Fig. 96 hpl) and the lower visceral layer (df ) — are pressed together 
from without, but clearly distinguishable. This is even clearer a 
little later, when the medullary furrow is closed into the nerve-tube 
(Fig. 96 mr). Here the mesoderm has divided into two sections by 
a longitudinal fold, an inner (median) primitive-segment plate (uw) 





Pigs. 97 and 98.— Transverse section of the primitive streak (primitive mouth) of 
the chick FitJ 97 a tew liouis alter the coimnonceineiit of incubation, Piy hh a little 
later (Prom ) h lioin-plate, n nerve-plate, m skin-tihre-layei, f «iit-hbre-la^ er 

<l gut-yland-la^ er, v primitive streak or axial plate, iii wduch all tour genu-layers meet’ 
X structure ot the choida, u legiou of the later primitive kidnejs ’ 


and an outer (lateral) ’ iiUite ; the narrow cmloin -cleft maybe seen 
both in the former {inch) and the latter (v/ijj). It afterwards enlarges 
into tlie secondary body-cavity, tiie parietal skin-fibre-layer {hpl) and 
tlie visceral gut-fibre-layer {df) blending together. 

In tins special importance attaches to the fact that here again 
tlie four secondary germ-layers are already sharply distinct, and 
easily separate(.l from each other. There is only one very restricted 
area m which the> are connected, and actually pass into each other; 
this is the region of the primitive mouth, which is contracted in the 
Amniotes into a dorsal longitudinal cleft, the primitive groove. Its 
two lateral hp-borders form the piimitive stieak, which has long 
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been recognised as the most important embiyonic source and starting- 
-point of further processes (Eemak’s “axial plate”). Sections 
through this primitive streak (Eigs. 97 and 98} show that the two 
primary germ-layers grow at an early stage (in the discogastrula of 
the chick, a few hours after incubation) into the primitive streak (y), 
and that the two middle layers extend outw'ard from this thickened 
axial plate (y) to the right and left between the former. The plates 
of the coelom-layers, the parietal skin-fibre-layer {in) and the visceral 
gut-fibre-layer (/), are seen to be still pressed close together, and 
only diverge later to form the body-cavity. Between the inner 
(median) borders of the two flat coelom-pouches lies the chorda 
(Eig. 98, x), which here again develops from the middle line of the 
dorsal wall of the primitive gut. 

Ooelomation takes place in the Mammal in just the same way as 

mi} mp x>T -111 


ak 
mk 
tk 

Fio 99 -Transverse section of the primitive groove (or primitive mouth) of a 
rabbit. (From Van Beneden.) iir primitive mouth, ul lips of same (primitive lips), ak 
aud ik outer and inner germ-lajers, mk middle germ-lajer, mp parietal layer, wir visceial 
laj er ot the mesoderm. 

in the birds and reptiles. This was to be expected, as the character- 
istic gastrulation of the Mammal has descended phylogenetically from 
that of the reptiles. In both cases a discogastimla with primitive 
streak arises from the segmented ovum, a two-layered germinal disc 
with long and small hinder primitive mouth. Here again the two 
primary germ-layers are only directly connected (Eig. 99 pi) along 
the primitive streak (at the invagination-point of the blastula), and 
from this spot (from the properistoma, or border of the primitive 
mouth) the middle germ-layers (mk) grow out to right and left 
between the preceding. In the fine illustration of the coelomula of 
the rabbit which Van Beneden has given us (Eig. 99) one can clearly 
see that each of the four secondary germ-layers consists of a single 
stratum of cells. 
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Einally, we must point out, as a fact of the utmost importance 
for our anthropogeny and of great general interest, that the four- 
layered cGelomula of man has just the same construction as that of 
the rabbit (Eig. 99)* A vertical section that Count Spee made 
through the primitive mouth or streak of a very young human 
germinal disc (Eig. lOO) clearly shows that here again the four 
secondary germ-layers are only inseparably connected at the primi- 
tive streak, and that here also the two flattened coelom-pouches {7nk) 
extend centrifugally to right and left from the piimitive mouth 
between the outer and inner germ-layers. In this case, too, the 
middle germ-layer consists from the first of two separate strata of 
cells, the parietal (mp) and visceral {^nv) mesoblasts. 

These concordant results of the best recent investigations (which 
have been confirmed by the observations of a number of scientists I 
have not enumerated) prove the unity of the vertebrate-stem in point 
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Fia 100.— Transverse section of the primitive mouth (or groove) of a human 
embryo (at the ooelomula atatje) (From Count Sixe ) pr primitive mouth, ul lips of 
same (primitive folds), ttk and ik outer and inner germ-layeis, mk middle la> er, mp parietal 
laj ei , m i’ visceral layer ot the mesoblasts 


of ccelomation, no less than of gastrulation. In both respects the 
invaluable Amphioxus — the sole living survivor of the Acrania — is 
found to be the original model that has preserved for us in palin- 
genetic form by a tenacious heredity these most important embryonic 
processes. Erom this primaiy model of construction we can 
cenogenetically deduce all the embryonic forms of the other Vei’te- 
brates, tlie Oraniota, by secondary modifications. My thesis of the 
universal formation of the gastrula by folding of the blastula has 
now been clearly proved for all the Yertebrates ; so also has been 
Hertwig’s thesis of the origin of the middle germ-layers by the 
folding of a couple of coelom-pouches which appeal* at the border of 
the primitive mouth. Just as the gastreea-theory explains the 
oiigin and identity of the two primary layers, so the coelom-theory 



THE CCELOM-THEORY 


203 


explains those of the four secondary layers. The point of origin is 
always the properistoma, the border of the oiiginal primitive mouth 
of the gastrula, at which the two primary" layers pass directly into 
each other. 

Moreover, the coelomula is important as the immediate source of 
the chordula, the ontogenetic reproduction of the ancient, typical, 
unarticulated worm-form, which has an axial chorda between the 
dorsal nerve-tube and the ventral gut-tube. This instructive 
chordula (Eigs. 86-89) provides a valuable support of our phylo- 
geny; it indicates the important moment in our stem-histoiy^ at 
which the stem of the Ohordonia (Tunicates and Vertebrates) parted 
for ever from the divergent stems of the other Metazoa (Articulates, 
Echinoderms, and Molluscs). 

I may express here my opinion, in the form of a chordaea-theory, 
that the characteristic chordula-larva of the Ohordonia has in reality 
this great palingenetic significance — ^it is the t^ipical reproduction 
(preserved by heredity) of the ancient common stem-form of all the 
Vertebrates and Tunicates, the long-extinct Chordaa. We will 
return in the Twentieth Chapter to those worm-hke ancestors which 
stand out as luminous points in the obscure stem-history of the 
invertebrate ancestors of our race. (Of. also the Eighth and Ninth 
Tables, as to the six fundamental organs and then* functions in the 
Ohordsea.) 
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SYNOPSIS OF THE NAMES OP THE GEEM-LAYEES 

(SYNONYMS OF THE FOUR SECONDARY LAYERS) 


I. Eetoderma. 

II. Mesoderma. 

m. Entoderma. 

Outer layer. 

Middle layer. 

Inner layer. 

Epiblast. 

Mesoblast. 

Hypoblast. 

Eetoblastus. 

Mesoblastus. 

Endoblastus. 

Sensory layer 

Motor-germinative layer 

Trophic layer 

(sensation.) 

(movement and reproduction). 

(nutrition). 

Ectoblast. 

Mesoblast and Mesenehym. 

Endoblast. 





Sense-layer. 

Muscle-layer. 

Vascular layer. 

Mucous layer. 

Neural layer. 

Parietal layer. 

Visceral layer. 

Enteral layer. 

Outer limiting 

Outer middle 

Inner middle 

Inner limiting 

layer 

layer. 

layer. 

layer. 

Methonum extei- 

Fibrosim extei - 

Fibrosum mtei- 

Methonum inter- 

num . 

num. 

num. 

mm. 

Animal 

Animal 

Vegetal 

Vegetal 

covering layer. 

fibrous layer. 

fibrous layer. 

covering layer. 

Neupoblast. 

Myoblast. 

Gon oblast. 

Enteroblast. 

Lamina 

Lamina 

Lamina 

Lamina 

neiirodeniialis. 

model malm. 

tnogasti aim. 

endogasti aim. 

Skm-sense-layor. 

Skiu-fibre-laycr. 

Crut-fibro-layor. 

Gut-gland-layer. 

(Chiet products : 

(Chief pioducts . 

(Chief products 

(Chief products : 

sense-cells and 

muscle-cells and 

.sex-cells and 

gland-cells and 

nerv’es ; 

skeleton . 

vascular 

gut epithelium : 

outer skin.) 

conum ) 

membrane.) 

mucous lining.) 

Skin-laver. 

Muscle-layer 

Vascular hi} or 

Mucous layer. 

Kpidei mm. 

Mijodei mm 

Huemodei mis. 

Crash oderm IS. 

Body-wall. 

Gut-wall. 

Sunuitopleura 

Splanchnopleura. 

Animal double-laver. 

Vegetal double-layer. 
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EIGHTH TABLE 


SYNOPSIS OP THE OEIGIN AND FUNCTION OF 
THE SIX FUNDAMENTAL OBGANS OF THE 
OHOEDULA (—PHYLETIGALLY : CHOED^A) 

N.B. — The Eighth and the Ninth Tables are for the purpose of explaining 
ray chordsea-theory, and gi^dng a clear general view of the original anatomic and 
physiological properties of the Chordesa, and also of the pahngenetic relation of 
this ancient pre-Silurian stem-form to the corresponding structures in the human 
embryo. 


Primarj" condition 
of the 

Primitive Organs. 

Secondary condi- 
tion of the 
Primitive Organs. 

1 

Six Primitive j 
Organs of the j 
Chordsea. | 

Six Primitive 

Punctions of the 

Chordaea. 

BlastophyUs. 

Germ-layers. 

Blastoplates. 

Germinal plates. 

Morphological 

Primitive organs. 

Physiological 

Primitive functions. 

I. Eetoderm 

(epiblast). 
Outer layer. 

1. Cerablast 

Hom-layer 

(protective 

layer). 

' 2. Neuroblast 
Nerve-layer 
(sensitive 
layer) 

ri. Epidermis 

J Outer skin and 

I its append- 

I ages. 

r2. Medullary tube 

J Nervous sys- 
1 tern and sense- 
l. epithelia. 

■1. Protection. 

-2. Sensation. 

Ti. Mesoderm 

(viesoblast) . 
Middle layer. 

8. Myoblast 

Muscle-layer 
(motor layer). 

. 4. Gonoblast 
(germmative 
layer). 

rs. Muscle-layer 

Muscular 

system. 

h. Sexual layer 

j (gonads : ova- 

1 ries and sper- 

mana) 

|8. Motion. 

4. Propagation. 

Ill Entoderm 

{hypoblast). 
Inner layer. 

'5. Chordablast 

Chorda-layer 

(fulcrative 

layer) 

6. Enteroblast 

Gut-gland- 
la>er 
(nutritive 
^ layer). 

f5. Chorda 

J Axial rod as 

j central sup- 

l port. 

re. Gastrodermis 

j Epithelia of 

the gut and 
the visceral 

V glands. 

[5 Fuleration 

j (hupport). 

■G. Nutrition. 
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NIITTH TABLE 


SYNOPSIS OP THE SIX PUNDAMENTAL ORGANS 
(A) AND THE THREE BODY-OAYITIBS (B) OP 
THE CHORDULA, AND THEIR ORIGIN PROM 
THE GERM-LAYERS 
A. The Fundamental Organs of the Chordula. 


The Two 
Primary 
Gem- 
Layers. 


I. Primitive 
Covering. 

Epithelium of the 
outer or upper 
layer . 
Ectoderm 
or ectoblaat 
(animal layer) . 
Epiblaat. 


II. Primitive 
Gut. 

Epithelium of the 
inner or lower 
^rm-laycr 
Entoderm 
or ondo blast 
(vegetal layer) 
hypoblast. 


Separation of 
the Four Secon- 
dary Germ- 
Layers. 

. Outer skin of 
the chordula (= 
ectoderm of the 
Ohordsea). 

2. Dorsal median 
part of the 
outer skin. 


( 3 and 4. The two 
layers of the 
coelom -pouches 
(outer andmner 
plates). The 
lateral parts of 
the dorsal wall 
of the primitive 
gut. 


Six 

Primitive 

Embryonic 

Plates. 

'1. Cerablast 
horn - plate 
(covering - ecto- 

^ blast) . 

Neuroblast 
medullary plate 
(nerve-plate) . 
Nerve- eeto- 
blast. 

3. Parietal meso- 
blast (outer 
layer of the 
ccelom-pouohes) 
muscle-plate. 

4. Visceral meso- 
blast (inner 
layer of the 
coelom-pouches) 

V. muscle-plate. 


Products of the 
Germinal 
Plates in 
Man. 


1. Outer skin, 
hair, nails. 


2. Brain, spinal 
marrow, sensc- 
oells. 


3. Muscle-system, 
skeletal system, 
oonum. 


4. Sex-glands, 
vascular system, 
heart, blood. 

'6. Eudimant of 
the chorda in 
I the vertebral 
I column. 
f6 Epithelium of 
I alimentary 
canal, Inngs, 
liver, etc 


5. Median part of ''5. Ohordablast 

the doisal wall r (chorda-plate) 
of the primitive 1 (axial ondo- 
gut 1 1 blast) 

6. Ventral wall of TG. Entcroblast 

the primitive I (gland-ondo- 
gut, ij blast) (gut- 

1 1 opitliolium) . 


B. Primary Cavities in the Body of the Chordula. 


I. Animal 
Cavity. 


II Vegetal 
Cavity. 


Wall formed of f. 
octodonn- | 

epithelia. I 


Single nerve- 

til 1)0. 


Walls formed of 
entodorm- 
cpitheha. 


/•2a and 2b. Pair of 
ccnlom-pouchos 


S. Single gut- 
tube. 
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1 Cavity of the 
noive-tube 

Medullary 

Canal. 

2a and 2b Eight 
and left body- 
cavity . 

Cceioma. 

3. Cavity of the 
peimanont gut. 

" Gastpoeoel. 



TENTH TABLE 


SYNOPSIS OF THE FOUK CHIEF GEOUPS OF THE 
METAZOA THAT MAY BE DISTINGUISHED 
AOOOEDING TO THE NmiBEE OF GEEM-LAYEES 


Germ-group. 

Germ-layers. 

Germ-form. 

Animal-classes. 

I. One-layered 
animals. 
Monoblastiea 
(without primitive 
gut). 

|l. Blastodema 

Blastula. 

Vesicular larva 
(with embryonic 
cavity or blasto- 
eoel). 

Blasteeads 

(Volvooina, 

Gatallacta, 

Magosphsera). 

n. Two-layered 
animals. 

Diploblastica 

(with primitive 
gut). 

1, Eetoderma 

(epiblast). 

2 . Entoderma 

(hypoblast). 

i 

Gastrula. 

Cup-larva (with 
primitive gut- 
cavity and primi- 
tive mouth : 
progaster and 
prostoma). 

Gastrseads 

(Cyemaria, 

Olynthus, 

Hydra. 

The lower 
Coelentera). 

m. Three-layered 
animals. 

Triploblastiea 

(with gut-cavity — 
gastro- canal sys- 
tem — always with- 
out anus, without 
body-cavity). 

'i. Eetoderma 

skin-layer. 

2. Mesoderma 
(in the shape 
of mesenohym) 
middle layer. 

8. Entoderma. 

gut-layer. 

Mesomula. 

Large larva or em- 
bryo with mas- 
sive mesenchym 
between the two 
primary layers 

Most of the 

Coelentera 
(Sponges, 
Acraspeda, 
Corals, 
Ctenophora, 
Platodes). 
Lowest Ccelomaria. 

rv. Four-layered 
animals. 

Tetrablastlea 

(with gut - cavity 
and body -cavity ; 
generally with 
anus and blood- 
vessels). 

A. Neural layer 

skin-sense-layer 

neuroblast. 

Q.Parietallayer 

skin-fibre -layer 
myoblast. 

3. Visceral layer 

gut -fibre -layer 
gonoblast. 

4. Enteral layer 

gut-gland-layer 
entero blast 

Coelomula. 

Pouch-lan’a or 
embryo with gut- 
cavity and body- 
cavity. Gut-wall 
formed of the two 
inner layers 
(visceral layers) . 
Body-wall of the 
two outer (skm) 
layers. 

Most of the 

Ccelomana, : 

Vennalia 
(great majority), 
Mollusca, 
Echinoderma, 
Articulata 
(Annelida, 
Crustacea, 
Tracheata) , 
Tunica ta, 

Vertebrata 

(Acrania, 

Oraniota). 
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CHAPTER XI. 


THE VBETEBEATE OHAEAGTEE OF MAN 

The assooiation of comparative anatomy and ontogeny. Place of mn,-n m 
zoological elasaifloation. The types or stems of the animal kingdom. The 
phylogenetic relations of the twelve animal stems. Protozoa and Metazoa. 
CoBlentera and Ocelomaria. Umty of the vertebrate stem, including man. 
Essential features of the Vertebrates. Amphioxus and the hjTpothetioal 
primitive vertebrate (Prospondylus). Division of the simple bilateral body 
into head and trunk. Axial rod or chorda. The antimera or symmetrical 
halves of the body. Medullary tube or nerve tube (brain and spinal marrow). 
Three pairs of sense-organs (nose, eyes, ears). Chorda-sheath (perichorda) . 
Muscles. Gorium Epidermis. Body-cavity. Alimentary canal. GiU-gut 
in the head-half of the body ; hver-gut in the trunk-half. Gills and lungs. 
Stomach and small intestine. Liver. Blood-vessels and heart. Pro-kidneys 
(pronephridia) Segmental sex-organs (gonads). Metamonsm or segmenta- 
tion of the Vertebrates. Monophyletic ongm of the Vertebrates and of the 
Mammals. The milk-apparatus m Mammals. Redundant milk glands and 
mpples. Hypermastism and hyperthelism Gynecomastism (large milk- 
forming breast-glands in the male sex). Apparent hermaphrodism. 

We have now secured a number of firm standing-places in the 
labiU’inthine coiu’se of our individual development by our study of 
the important embiyonic forms which we have called the cytula, 
morula, blastula, gastrula, coelomula, and chordula. But we have 
still in front of us the difficult task of deriving the complicated 
frame of the human body, with all its different parts, organs, 
members, etc., from tlie simple form of the chordula. We have 
previously considered tlie origin of this four-layered emhiyonic form 
from the two-layered gastrula. Tlie two primary germ-layers, which 
foi'm the entire body of the gastrula, and the two middle layers of 
the cceloinula that develop between them, are the four simple cell- 
strata or epithelia, which alone go to tlie formation of the complex 
body of man and the higher animals. It is so difficult to under- 
stand tliis construction that wo will first seek a companion who 
may help us out of many difficulties. 

Tills helpful associate is the science of comparative anatomy. 
Its task is, by comparing the fully-developed bodily forms in the 
vai ious groups of animals, to leam the general laws of organisation, 
according to whicli the body is constructed , at the same time, it 
208 
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has to determine the afiSinities of the various groups by critical 
appreciation of the degrees of difference between them. Formerly, 
this work was conceived in a teleological sense, and it was sought to 
find traces of the pre-formed plan of the Creator in the actual 
purposive organisation of animals. But comparative anatomy has 
gone much deeper since the establishment of the theory of descent ; 
its philosophic aim now is to explain the variety of organic forms by 
adaptation, and their similarity by heredity. At the same time, it 
has to recognise in the shades of difference in form the degree of 
blood-relationship, and make an effort to construct the ancestral 
tree of the animal world. In this way, comparative anatomy 
enters into the closest relations with comparative ontogeny on 
the one hand, and with the science of classification on the 
other. 

Now, when we ask what position man occupies among the other 
organisms according to the latest teaching of comparative anatomy 
and classification, and how man's place in the zoological system is 
determined by comparison of the developed bodily forms, we get a 
very definite and significant reply ; and this reply gives us extremely 
important conclusions that enable us to understand the embryonic 
development and its phylogenetic purport. Since Cuvier and Baer, 
since the immense progress that was effected in the early decades of 
the nineteenth century by these two great zoologists, the opinion has 
generally prevailed that the whole animal kingdom may be distributed 
in a small number of great divisions or types. They are called types 
because a certain typical or characteristic structure is constantly 
preserved wdthin each of these large sections. Since we applied the 
theory of descent to this doctrine of types, we have learned that this 
common type is an outcome of heredity ; all the animals of one type 
are blood-relatives, or members of one stem, and can be traced to a 
common ancestral form. Cuvier and Baer set up four of these types : 
the Vertebrates, Articulates, Molluscs, and Eadiates. The former 
three of these are still retained (though the Articulates are now 
generally spoken of as Arthropods), and may be conceived as natural 
phylogenetic unities, as stems or phyla in the sense of the theory of 
descent.^ It is quite otherwise with the fourth type — the Eadiata. 
These animals, little known as yet at the beginning of the nineteenth 


1 Acoording to the early theory of types, those of the animal kingdom are parallel and 
completely mdependent; but according to mv gastreea-theory they are divergent stems, 
connected at their root This view of the affinity of the lower and higher animal-atems, 
which I first advanced in 187*2 (in the Mojioaraph on the Sponges), is further developed in 
my SustemaUc Phytogeny (1896), and compendiously stated in the tenth edition of the 
History of Creation (1902). 
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century, were made to form a sort of lumber-room, into which were 
cast all the lower animals that did not belong to the other three 
types. As we obtained a closer acquaintance with them in the 
course of the last sixty years, it was found that we must distinguish 
among them from four to eight different types. In this way the 
total number of animal stems or phyla has been raised to eight or 
twelve (cf. Chapter XX.). 

These twelve stems of the animal kingdom are, however, by no 
means co-ordinate and independent types, but have definite relations, 
partly of subordination, to each other, and a very different phylo- 
genetic meaning. Hence they must not be arranged simply in a row 
one after the other, as was generally done until thirty years ago, and 
is still done in some manuals. We must distribute them in three 
subordinate principal groups of very different value, and arrange the 
various stems phylogenetically on the principles which I laid down 
in my Monograph on the Sponges, and developed in my Study of the 
Oastrcea- Theory. We have first to distinguish the unicellular animals 
(Protozoa) from the multicellular tissue-forming (Metazoa). Only 
the latter exhibit the important processes of segmentation and gastm- 
lation ; and they alone have a primitive gut, and form germ-layers 
and tissues. 

The Metazoa, tlie tissue-animals or gut-animals, then sub-divide 
into two main sections, according as a body-cavity is or is not 
developed between the primary germ-layers. We may call these 
the Ccelentera and Omlomiria (or Coelomata) , the former are often 
also called Zoophytes or Ccelentcrata, and the latter Bilaterals. This 
division is the more important as the Ccelentera (without coelom) 
have no blood and blood-vessels, or an anus. The Coelomaria (with 
body-cavity) have generally an anus, and blood and blood-vessels. 
There are four stems belonging to the Ccelentera : the Gastrseads 
(“primitive-gut animals”). Sponges, Cnidaria, and Platodes. Of 
the Coelomaria we can distinguish six stems . the Vermalia at the 
bottom represent the common stem-group (derived from the Platodes) 
of tliese, the other five typical stems of the Coelomaria — the Molluscs, 
Echinoderms, Articulates, Tunicates, and Vertebrates — being evolved 
from them. 

IMan IS, in his whole structure, a true Vertebrate, and develops 
f]‘om an imjangnated ovum in ]ust the same characteristic way as 
the otlier Vertebrates There can no longer be the slightest doubt 
about this fundamental fact, nor of the fact that all the Vertebrates 
form a natural phylogenetic unity, a single stem. The whole of the 
members of this stem, from the Amphioxus and the Cyclostomes to 
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the apes and man, have the same characteristic disposition, con- 
nection, and development of the central organs, and arise in the 
same way from the common embryonic form of the chordula. 
Without going into the diffioidt question of the origin of this stem, 
we must emphasise the fact that the vertebrate stem has no direct 
affinity whatever to five of the other ten stems ; these five isolated 
phyla are the Sponges, Onidaria, Molluscs, Articulates, and Echino- 
derms. On the other hand, there are important and, to an extent, 
close phylogenetic relations to the other five stems — the Protozoa 
(through the Amoebae), the Gastraeads (through the blastula and 
gastrula), the Platodes and Vermalia (through the coelomula), and 
the Tunioates (through the chordula). 

How we are to explain these phylogenetic relations in the present 
state of our knowledge, and what place is assigned to the Vertebrates 
in the animal ancestral tree, will be considered later (Chapter XX.). 
For the present our task is to make plainer the vertebrate character 
of man, and especially to point out the chief peculiarities of organisa- 
tion by which the vertebrate stem is profoundly separated from the 
other eleven stems of the animal kingdom. Only after these com- 
parative anatomical considerations shall we be in a position to attack 
the difficult question of our embryology. The development of even 
the simplest and lowest Vertebrate from the simple chordula (Figs. 
86-89) is so complicated and difficult to follow that it is necessary to 
understand the organic featm'es of the fully-formed Vertebrate in 
order to grasp the course of its embryonic evolution. But it is 
equally necessaiy to confine oim attention, in this general anatomic 
characterisation of the vertebrate-body, to the essential facts, 
and pass by all the unessential. Hence, in giving now an ideal 
anatomic description of the chief features of the Vertebrate and its 
internal organisation, I omit aU the subordinate points and restrict 
myself to the most important characteristics. 

Much, of com’se, will seem to the reader to be essential that is 
only of subordinate and secondary interest, or even not essential at 
all, in the light of comparative anatomy and embryology. For 
instance, the skull and vertebral column and the extremities are non- 
essential in this sense. It is true that these parts are very important 
2 )hysioloyicallij ; but for the vwrphological conception of the Verte- 
brate they are not essential, because they are only found in the 
higher, not the lower, Vertebrates. The lowest Vertebrates have 
neither skull nor vertebrae, and no extremities or limbs. Even the 
human embryo passes through a stage in which it has no skull or 
vertebrae ; the trunk is quite simple, and there is yet no trace of 
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arms and legs. At this stage of development man, like every other 
higher Vertebrate, is essentially similar to the simplest Vertebrate 
form, which we now find in only one living specimen. This one 
lowest Vertebrate that merits the closest study — undoubtedly the 
most interesting of all the Vertebrates after man — is the famous 
Lancelot or Amphioxus, to which we have already often referred (Plates 
XVIII. and XIX.). As we are going to study it more closely later 
on (Chapters XVI. and XVII.), I will only make one or two passing 
observations on it here. 

The Amphioxus lives buried in the sand of the sea, is from 5-7 
centimetres long, and has, when fuUy developed, the shape of a very 
simple, longish, lancet-shaped leaf ; hence its name of the Lancelot. 
The narrow body is compressed on both sides, almost equally 
pointed at the fore and hind ends, without any trace of external 
appendages or articulation of the body into head, neck, breast, 
abdomen, etc. Its whole shape is so simple that its first discoverer 
thought it was a naked snail. It was not unth much later — half a 
century ago — that the tiny creature was studied more carefully, and 
was found to be a true Vertebrate. More recent investigations have 
shown that it is of the greatest importance in connection with the 
comparative anatomy and ontogeny of the Vertebrates, and therefore 
with human phylogeny. The Amphioxus reveals the great secret of 
the origin of the Vertebrates from the Invertebrate Vermalia, and in 
its development and structure connects directly with certain lower 
Tunicates, the Ascidiae. 

When we make a number of sections of the body of the 
Amphioxus, firstly vertical longitudinal sections through the whole 
body from end to end, and secondly transverse sections from right 
to left, we get anatomic pictures of the utmost instructiveness 
(cf. Figs. 101-105 and Plates XVIII. and XIX.). In the main they 
correspond to the ideal which we form with the aid of comparative 
anatomy and ontogeny of the primitive type or build of the 
Vertebrate — the long extinct form to which the whole stem owes its 
origin As we take the phylogenetic unity of the vertebrate stem to 
1)6 beyond dispute, and assume a common origin from a primitive stem- 
form for all the Vertebrates, from Amphioxus to man, we are justified 
in forming a definite morphological idea of this Primitive Vertebrate 
{Prospondijlm or Vertahma). We need only imagine a few slight 
and unessential changes in the real sections of the Amphioxus in 
order to have this ideal anatomic figure or diagram of the primitive- 
vertebrate form, as we see in Figs. 101-105. The Amphioxus departs 
so little from this primitive form that we may, in a certain sense, 





Fig 104. 

Figs 101-106 —The ideal primitive Verte- 
brate (Prospondylus). Diagram. Fig lOl 
6ide-view (from the left). Fig 102 back- 
view Fig. 103 front-view Fig. 104 trans- 
verse section through the head (to the 
left through the gill-pouches, to the right 
through the gill-clefta) Fig. 305 transverse 


Fig 105. 


section of the trunk (to the right a pro-renal canal is attected) « aorta, flf anus, nu ere, 
h side-furrow (primitive renal process), c cieloina (Isidv-cavitvi.f/ small intestine,*’ parietal 
eje (epiphvsis),/ hn bordei ot the skin, auditoiv vesicle, bmin, 7i heart, t muscular 
cavity (dorsal coelom-pouch), 7; gill-gut, 7.« gill-arteiv , 7.*/ gill arch 7. « gill-folds, I bver, 
ma stomach, md mouth, mu muscles, nu nose (smell i)it), n renal canals, u apertures of 
same, o outer skin, p gullet, r spinal marrow, h sexual glands (gonads), t coriuni, u ludney- 
openings (pores of the lateral tuirovv), u visceral vein (chief vein), j; chorda, i/hjpophysis 
(pituitary appendage), « gullet-groove or gill-groove (hypobranchial groove) 
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describe it as a modified “ Primitive Vertebrate”^ (cf. Plates XVIII. 
and XIX. with Bigs. 101-105). 

The outer form of our hypothetical Primitive Vertebrate was at 
all events very simple, and probably more or less similar to that 
of the Lancelot. The bilateral or bilateral- symmetrical body is 
stretched out lengthways and compressed at the sides (Bigs. 101-103), 
oval in section (Bigs. 104, 105). There are no external articulation 
and no external appendages, in the shape of limbs, legs, or fins. 
On the other hand, the division of the body into two sections, head 
and trunk, was probably clearer in Prospo7idylm than it is in its 
little-changed descendant, the Amphioxus. In both animals the fore 
or head-half of the body contains different organs from the trunk, 
and different on the dorsal from on the ventral side. As this 
important division is found even in the Ascidise, the remarkable 
Invertebrate stem -relatives of the Vertebrates, we may assume that 
it was also found in the Prochordonia, the common ancestors of both 
stems. It is also very pronounced in the young larvas of the Cyclo- 
stomes (Plate XIX., Big. 16) ; this fact is particularly interesting, as 
this palingenetic larva-form is in other respects also an important 
connecting-link between the higher Vertebrates and the Acrania. 

The head of the Acrania, or the anterior half of the body (both 
of the real Amphioxus and the ideal Prospondylus) , contains the 
branchial gut and heart in the ventral section and the brain and 
sense-organs in the dorsal section. The trunk, or posterior half of 
the body, contains the liver-gut and sexual-glands in the ventral part, 
and the spinal marrow and most of the muscles in tlie dorsal part. 

In the longitudinal section of the ideal Vertebrate (Fig. 101) we 
have in the middle of the body a thin and flexible, but stiff, 
cylindrical rod, pointed at both ends (x). It goes the whole length 
through the middle of the body, and forms, as the central skeletal 
axis, the original structure of tlie later vertelu’al column This is the 
axial rod, or chorda dorsalis, also called chorda vertchralis, vertebral 
cord, axial cord, spinal cord, notochorda, or, briefly, chorda. This 
solid, but flexible and elastic, axial rod consists of a cartilaginous 
mass of cells, and forms the inner axial skeleton or central frame of 
tlie body ; it is only found in Vertebrates and Tunicates, not in any 
other animals. As the first structure of the spinal column, it has the 

’ Tho ideal flfiiiro of the Vertebrate as given in Pigs 101-105 ib a hypothetical scheme or 
diiigi'am, that has been chiefly constructed on the lines of the Amphioxus, but with a 
<*t‘i tam attention to the comparative anatomy and ontogeu^ ot the Ascidise and Appendi- 
culariii on tho one hand, and of the Cycloatomes and Selachii on the other This diagram 
has no i)rotension whatever to be an “exact picture,” but merelj'an attempt to reconstruct 
bj ))c)tlioticallj the unknown and long extinct vertebrate stem-form, an ideal “architypus.” 
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same radical significance in all Vertebrates, from the Amphioxus to 
man. But it is only in the Amphioxus and the Cyclostomes that the 
axial rod retains its simplest form throughout life. In man and all 
the higher Vertebrates it is found only in the earlier embr^'onic 
period, and is afterwards replaced by the articulated vertebral 
column. 

The axial rod or chorda is the real solid chief axis of the 
vertebrate-body, and at the same time corresponds to the ideal long- 
axis, and serves to direct us with some confidence in the orientation 
of the principal organs. We therefore take the vertebrate-body 
in its original, natural disposition, in which the long-axis lies 
horizontally, the dorsal side upward and the ventral side downward 
(Fig. 101). When we make a vertical section through the whole 
length of this long-axis, the body divides into two equal and 
symmetrical halves, right and left. In each half we have orujinalhj 
the same organs in the same disposition and connection ; only their 
disposal in relation to the vertical plane of section, or median plane, 
is exactly reversed ; the left half is the reflection of the right. We 
call the two halves antimera (opposed-parts). In the vertical plane 
of section that divides the two halves the median axis, or “ dorso- 
ventral axis,’* goes from the back to the belly, corresponding to the 
median seam of the skull. But when we make an horizontal 
longitudinal section through the chorda, the whole body divides into 
a dorsal and a ventral half. The line of section that passes through 
the body from right to left is the transverse, frontal, or lateral axis 
(cf. Plates VI. and VII.). 

The two halves of the vertebrate-body that are separated by this 
horizontal transverse axis and by the chorda are of quite different 
characters. The dorsal half is mainly the animal part of the body, 
and contains the greater part of what are called the animal organs, 
the nervous system, muscular system, osseous system, etc. — the 
instruments of movement and sensation. The ventral half is essen- 
tially the vegetative half of the body, and contains the greater part 
of the Vertebrate’s vegetal organs, the visceral and vascular systems, 
sexual system, etc. — the instruments of nutrition and reproduction. 
Hence in the construction of the dorsal half it is chiefly the outer, 
and in the construction of the ventral lialf chiefly the inner, germ- 
layer that is engaged. Each of the two halves develops in the shape 
of a tube, and encloses a cavity in which another tube is found. 
The dorsal half contains the narrow spinal-column cavity, or vertebral 
canal, above the chorda, in which lies the tube-shaped central nervous 
system, the medullary tube. The ventral half contains the much 
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more spacious visceral cavity or body-cavity underneath tbe chorda, 
in which we find the alimentary canal and all its appendages. 

The medullary tube, as the central nervous system or psychic 
organ of the Vertebrate is called in its first stage, consists, in man 
and all the higher Vertebrates, of two different parts: the large 
brain, contained in the skull, and the long spinal cord which 
stretches from there over the whole dorsal part of the trunk (Plate 
VII., Figs. 11-16 Even in the primitive Vertebrate this com- 
position is plainly indicated. The fore half of the body, which 
corresponds to the head, encloses a knob-shaped vesicle, the brain 
{gh) ; this is prolonged backwards into the thin cylindrical tube of 
the spinal marrow (r). Hence we find here this very important 
psychic organ, which accomplishes sensation, wiU, and thought, in 
the Vertebrates, in its simplest form. The thick wall of the nerve- 
tube, which runs through the long axis of the body immediately 
over the axial rod, encloses a narrow central canal filled with fluid 
(Figs. 101-105 r). We still find the medullary tube in this very 
simple form for a time in the embryo of all the Vertebrates (of. 
Plate VII., Figs. 11-13), and it* retains this form in the Amphioxus 
throughout life ; only in the latter case the cylindrical medullary 
tube barely indicates the separation of brain and spinal cord. The 
Lancelot’s medullary tube runs nearly the whole length of the body, 
above the chorda, in the shape of a long thin tube of almost equal 
diameter throughout (Plate XIX., Fig. 15), and there is only a slight 
swelling of it right at the front to represent the rudiment of a cerebral 
lobe. It is probable that this peculiarity of the Amphioxus is con- 
nected with the partial atrophy of its head, as the Ascidian-larvae 
(Plate XVIII., Fig. 5) on the one hand and tlie young Cyclostomes 
(Plate XIX., Fig. 16) on the other clearly show a division of the 
bulbous brain, or head-marrow, from the thinner, tubular spinal 
marrow. 

Probably we must trace to the same phylogenetic cause the 
defective nature of the sense-organs of the Amphioxus, which we 
will describe later (Chapter XVI.). Prospondylus, on the other 
hand, has probably had three pairs of sense-organs, though of a 
simple character, a pair of, or a single olfactory depression, right in 
front (Figs. 101, 102, mi), a pair of eyes {aii) in the lateral walls of 
the brain, and a pair of simple auscultory vesicles [g) behind. There 
was also, perhaps, a single parietal or “ pineal ” eye at the top of the 
skull {epiplujsis, e). 

In the vertical median plane (or middle jilane, dividing the 
bilateral body into right and left halves) we have in the Acrania, 



THE VEETEBEATE CHAEACTEE OE MAN 217 

undenieath the chorda, the mesentery and visceral tube, and above 
it the medullary tube ; and above the latter a membranous partition 
of the two halves or antimera of the body. With this partition is 
connected the mass of connective tissue which acts as a sheath both 
for the medullary tube and the underlying chorda, and is, therefore, 
called the chord-sheath {penchorda ) ; it originates from the dorsal 
and median part of the coelom-pouches which we shall call the 
skeleton plate or “sclerotom” in the Oraniote embryo. In the 
latter the chief part of the skeleton — ^the vertebral column and skull 
— develops from this chord-sheath; in the Acrania it retains its 
simple form as a soft connective matter, from which are formed the 
membranous partitions between the various muscular plates or 
myotomes (Figs. 101, 102, ms). 

To the right and left of the chord-sheath, at each side of the 
medullary tube and the underlying axial rod, we find in all the 
Vertebrates the large masses of muscle that constitute the muscu- 
lature of the trunk and effect its movements. Although these are 
very elaborately differentiated and connected in the developed Vei-te- 
brate (corresponding to the many differentiated parts of the bony 
skeleton), in our ideal primitive Vertebrate we can distinguish only 
two pairs of these principal muscles, which run the whole length of 
the body parallel to the chorda. These are the upper (dorsal) and 
lower (ventral) lateral muscles of the trunk. The upper (dorsal) 
muscles, or the original dorsal muscles (Eig. 105 ms), form the thick 
mass of fllesh on the back. The lower (ventral) muscles, or the 
original muscles of the belly, form the fleshy wall of the abdomen. 
Both sets are segmented, and consist of a double row of muscular 
plates (Figs. 101, 102, ms ) ; the number of these myotomes deter- 
mines the number of segments in the trunk, or metamera. The 
myotomes are also developed from the thick wall of the coelom- 
pouches (Fig. 105 t). 

Outside this muscular tube we have the external envelope of the 
vertebrate-body, which is known as the corium or cutis (Plate VI. Z). 
This strong and thick envelope consists, m its deeper strata, chiefly 
of fat and loose connective tissue, and in its upper layers of cutaneous 
muscles and firmer connective tissue. It covers the whole surface 
of the fleshy body, and is of considerable thickness in aU the 
Cranio ta But in the Acrania the corium is merely a thin plate of 
connective tissue, an insignificant “ coriuni-plate ” {lamella corii, 
Figs. 101-105 t). 

Immediately above the corium is the outer skin {epidermis, o), 
the general covering of the whole outer surface. In the higher 
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Vertebrates the hairs, nails, feathers, claws, scales, etc., grow out of 
this epidermis. It consists, with all its appendages and products, of 
simple cells, and has no blood-vessels. Its cells are connected with 
the terminations of the sensory nerves. Originally, the outer skin 
is a perfectly simple covering of the outer surface of the body, 
composed only of homogeneous cells — a permanent horn-plate. In 
this simplest form, as one-layered epithelium, we find it, at first, in 
all the Vertebrates, and throughout life in the Aerania. It after- 
wards grows thicker in the higher Vertebrates, and divides into two 
strata — an outer, firmer horn-layer and an inner, softer mucus- 
layer ; also a number of external and internal appendages grow out 
of it: outwardly, the hairs, nails, claws, etc., and internally the 
sweat-glands, fat-glands, etc. 

It is probable that in our primitive Vertebrate the skin was 
raised in the middle line of the body in the shape of a vertical fin- 
border (/). A similar border, going round the greater part of the 
body, is found to-day in the Amphioxus and the Cyclostomes ; we 
also find one in the tail of fish-larvse and tadpoles. 

Now that we have considered the external parts of the Vertebrate 
and the animal organs, which mainly lie in the dorsal half, above 
the chorda, we turn to the vegetal organs, which lie for the most 
part in the ventral half, below the axial rod Here we find a large 
body-cavity or visceral cavity in all the Oraniota. The spacious 
cavity that encloses the gimter part of tlie viscera corresponds to 
only a part of the original cooloma, which we considered in the 
Tenth Chapter; hence it may be called the vietaccoloma. As a rule, 
it IS still briefly called the cccloma; formerly it was known in 
anatomy as the pleuroperitoneal cavity. In man and the other 
Mammals (but only in tlioso) tins cceloina divides, when fully 
developed, into two difl'erent cavities, which are separated by a 
transverse partition — the muscular diapliragni. The fore or pectoral 
cavity (pleura-cavity) contains the oesopliagus, heart, and lungs; the 
hind, or peritoneal, or abdominal cavity contains tlie stomach, small 
and large intestines, liver, pancreas, kidneys, etc. But in the 
vertebrate-embryo, before the diaphragm is developed, the two 
cavities form a single continuous body-cavity, and wo find it thus in 
all the lower Vertebrates throughout life This body-cavity is 
clothed with a delicate layer of cells, the coelom -epithelium. In the 
Aerania the cadom is segmented both dorsally and ventrally, as 
their muscular pouches and primitive genital organs plainly show 
(Fig 105). 

The chief of tlio viscera in the body-cavity is the alimentary 
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canal, the organ that represents the whole body in the gastnila. In 
all the Vertebrates it is a long tube, enclosed in the body-cavity and 
more or less differentiated in length, and has two apertures — a 
mouth for taking in food (Bigs. 101, 103 md) and an anus for the 
ejection of unusable matter or excrements (a/). With the alimentary 
canal (Plates IV., V. d) a number of glands are connected which are 
of great importance for the vertebrate-body, and which all grow out 
of the canal. Glands of this kind are the salivary glands, the lungs, 
the liver, and many smaller glands. Nearly aU these glands are 
wanting in the Acrania; probably there were merely a couple of 
simple hepatic tubes (Bigs. 101, 103 Z) in the vertebrate stem-form. 
The wall of the alimentary canal and aU its appendages consists of 
two different layers ; the inner, cellular clothing is the gut-gland- 
layer, and the outer, fibrous envelope consists of the gut-fibre-layer ; 
it is mainly composed of muscular fibres which accomplish the 
digestive movements of the canal, and of connective-tissue fibres 
that form a firm envelope. We have a continuation of it in the 
mesentery, a thin, bandage-like layer, by means of which the 
alimentary canal is fastened to the ventral side of the chorda, 
originally the dorsal partition of the two coelom-pouches (Plate VI., 
Big. 8 Z). The alimentary canal is variously modified in the Verte- 
brates both as a whole and in its several sections, though the original 
structure is always the same, and is very simple. As a rule, it is 
longer (often several times longer) than the body, and therefore 
folded and winding within the body-cavity, especially at the lower 
end. In man and the higher Vertebrates it is divided into several 
sections, often separated by valves — ^the mouth, pharynx, oesophagus, 
stomach, small and large intestines, and rectum. AU these parts 
develop from a very simple structure, which originally (throughout 
life in the Amphioxus) runs from end to end under the chorda in the 
shape of a straight cylindrical canal. 

As the alimentary canal may be regarded morphologically as the 
oldest and most important organ in the body, it is interesting to 
understand its essential featm’es in the Vertebrate more fully, and 
distinguish them from unessential features. In this connection we 
must particularly note that the alimentary canal of every Verte- 
brate shows a very characteristic division into two sections — a fore 
and a hind chamber. The fore chamber is the head-gut or branchial 
gut (Figs. 101-103 p, A:), and is chiefly occupied with respiration. 
The hind section is the trunk-gut or hepatic gut, which accomplishes 
digestion {ma, d). In all Vertebrates there are formed, at an early 
stage, to the right and left in the fore-part of the head-gut, certain 
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special clefts that have an intimate connection with the original 
respiratory apparatus of the Vertebrate — the branchial (gill) clefts 
{hs). All the lower Vertebrates, the Amphioxus, Lampreys, and 
Fishes, are constantly taking in water at the mouth, and letting it 
out again by the lateral clefts of the gullet. This water serves for 
breathing. The oxygen contained in it is inspired by the blood- 
canals, which spread out on the parts between the gill-clefts, the 
gill-arches (kg). These very characteristic branchial clefts and 
arches are found in the embryo of man and aU the higher Verte- 
brates at an early stage of development, ]ust as we find them 
throughout hfe in the lower Vertebrates (Plates VIII.-XIII.). 
However, these clefts and arches never act as respiratory organs in 
the Mammals, Birds, and Eeptiles, but gradually develop into quite 
different parts. Still, the fact that they are found at first in the 
same form as in the fishes is one of the most interesting proofs of 
the descent of these three higher classes from the fishes. 

Not less interesting and important is an organ that develops 
from the ventral wall in all Vertebrates — the gill-groove or hypo- 
branchial-groove. In the Acrania and the Asoidise it consists 
throughout life of a glandular ciliated groove, which runs dovm from 
the mouth in the ventral middle line of the gill-gut, and takes small 
particles of food to the stomach (Fig 104 z). But in the Oraniota 
the thyroid gland is developed from it, the gland that lies in front 
of the larynx, and which, when pathologically enlarged, forms goitre 
(stnmm). 

From the liead-gut we get not only the gills, the organs of water- 
breathing in the lower Vertebrates, but also the lungs, the organs of 
atmospheric breathing in the five higher classes. In these cases a 
vesicular fold appears in the gullet of the embryo at an early stage, 
and gradually takes the shape of two spacious sacs, which are after- 
wards filled with air. These sacs are the two air-breathing lungs, 
which take the place of the water-breathing gills. But the vesicular 
invagination, from which the lungs arise, is merely the familiar air- 
filled vesicle, which we call the floating-bladder of the fish, and 
which alters its specific weight as hydrostatic organ or floating 
apparatus Tliis structure is not found in tlie lowest Vertebrate 
classes — tlie Acrania and Cyclostonies. 

Tlie second chief section of the vertebrate -gut, the trunk or liver- 
gut, which accomplishes digestion, is of very simple construction in 
the Acrania. It consists of two different chambers. The first 
chamber, immediatel> behind the gill-gut, is the expanded stomach 
(ilia ) , the second, narrower and longer chamber, is the straight 
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small intestine id ) ; it opens behind, on the ventral side, by the 
amis (ft/). Near the limit of the two chambers in the visceral 
cavity we find the liver, in the shape of a simple tube or blind sac 
(Z) ; in the Amphioxus it is single (Plate SIX., Eig. 15 lb ) ; in the 
Prospondylus it was probably double (Eigs. 101, 103 1). 

Closely related morphologically and physiologically to the 
alimentary canal is the vascular system of the Vertebrate, the chief 
sections of which develop from the fibrous gut-layer. It consists of 
two different but directly connected parts, the system of blood- 
vessels and that of lymph-vessels. In the passages of the one we 
find red blood, and in the other colourless lymph. To the lymphatic 
system belong, first of aU, the l 3 rmphatic canals proper or absorbent 
veins, which are distributed among all the organs, and absorb the 
used-up juices from the tissues, and conduct them into the venous 
blood ; but besides these there are the chyle-vessels, which absorb 
the white chyle (or milk-juice), the nutritive fluid prepared by the 
alimentary canal, and conduct this also to the blood. 

The blood-vessel system of the Veiiiebrate has a very elaborate 
construction, but seems to have had a very simple form in the 
primitive Vertebrate, as we find it to-day permanently in the 
Annelids (for instance, earth-worms) and the Amphioxus. We 
accordingly distinguish first of all as essential, original parts of it 
two large single blood-canals, which lie in the fibrous wall of the 
gut, and run along the alimentary canal in the median plane of the 
body, one above and the other imdemeath the canal. These 
principal canals give out numerous branches to all parts of the body, 
and pass into each other by arches before and behind ; we will call 
them the primitive artery and the primitive vein. The first corre- 
sponds to the dorsal vessel, the second to the ventral vessel, of the 
worms. The primitive or principal artery, usually called the aorta 
(Eig. 101 a), lies above the gut in the middle line of its dorsal side, 
and conducts oxidised or arterial blood from the gills to the body. 
The primitive or principal vein (Eig. 103 v) lies below the gut, in the 
middle line of its ventral side, and is therefore also called the vena 
subintesUnalis ; it conducts carbonised or venous blood back from 
the body to the gills. At the branchial section of the gut in front 
the two canals are connected by a number of branches, which rise 
in arches between the gill-clefts. These “branchial vascular 
arches ” {kg) run along the gill-arches, and have a direct share in 
the work of respiration. The anterior continuation of the principal 
vein which runs on the ventral wall of the gill-gut, and gives off 
these vascular arches upwards, is the branchial artery {Jca), At the 
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border of the two sections of the ventral vessel it enlarges into a 
contractile spindle-shaped tube (Figs. 101, 103 h). This is the first 
outline of the heart, which afterwards becomes a four-chambered 
pump in the higher Vertebrates and man. There is no heart in the 
Amphioxus, probably owing to degeneration. In Prospondylus the 
ventral gill-heart probably had the simple form in which we still 
find it in the Asoidise and the embryos of the Oraniota (Figs. 101, 
103 h). 

The kidneys, which act as organs of excretion, or urinary organs, 
in all Vertebrates, have a very different and elaborate construction 
in the sections of this stem ; we will consider them further in the 
Twenty-ninth Chapter Here I need only mention that in our 
hypothetical primitive Vertebrate they probably had the same form 
as in the actual Amphioxus — ^the primitive kidneys iproto7iephra). 
These are originally made up of a double row of little canals, which 
directly convey the used-up juices or the urine out of the body-cavity 
(Fig. 105 m). The inner aperture of these pronephridial canals opens 
with a ciliated funnel into the body-cavity ; the external aperture 
opens in lateral grooves of the epidermis, a couple of longitudinal 
grooves in the lateral surface of the outer skin (Fig. 105 b). The 
pronephridial duct is formed by the closing of this groove to the 
right and left at the sides. In all the Oraniota it develops at an early 
stage in the horn-plate (Plate VI., Figs. 4 it, 5 u ) ; in the Amphioxus 
it seems to be converted into3awide cavity, the atrium, or peri- 
branchial space (Plate XVIII., Fig 13 c). 

Next to the kidneys we have the sexual organs of the Vertebrate. 
In most of the members of this stem the two aie joined together in 
a tmified urogenital system, it is only in a few groups that the 
urinary and sexual organs are separated (m the Amphioxus, the 
Cyclostomes, and some sections of the fish-class). In man and all 
the higher Vertebrates the sexual apparatus is made up of various 
parts, which we will consider in the Twenty-ninth Chapter. But in 
the two lowest classes of our stem, the Acrania and Cyclostomes, 
they consist merely of simple sexual glands or gonads, tlie ovaries of 
the female sex and the testicles iapeniuiria) of the male , the former 
provide the ova, the latter the sperm. In the Craniota we always 
find only one pair of gonads, in the Amphioxus several pairs, 
metamerically arranged. They must liave liad the same form in our 
hypothetical Prospondylus (Figs. 101, 103 a). These segmental 
pairs of gonads are tlie original ventral halves of the coelom-pouches. 

The organs which we have now enumerated in this general 
survey, and of whieli we liave noted the characteristic disposition. 
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are those parts of the organism that are found in all Vertebrates 
without exception in the same relation to each other, however much 
they may be modified. We have chiefly had in view the transverse 
section of the body (Eigs. 104, lOo), because in this we see most 
clearly the distinctive arrangement of them. But to complete our 
picture we must also consider the segmentation or metamera- 
formation of them, which has yet been hardly noticed, and which is 
seen best in the longitudinal section. In man and all the more 
advanced Vertebrates the body is made up of a series or chain of 
similar members, which succeed each other in the long axis of the 
body — the segments or metamera of the organism. In man these 
homogeneous parts number thirty-three in the trunk, but they nm 
to several hundred in many of the Vertebrates (such as serpents or 
eels). As this internal segmentation or metamerism is mainly found 
in the vertebral column and the surrounding muscles, the sections 
or metamera were formerly called pro-vertebrae. As a fact, the 
segmentation is by no means chiefl.y determined and caused by the 
skeleton, but by the muscular system and the segmental aiTange- 
ment of the kidneys and gonads. However, the composition from 
these pro-vertebi’ffl or internal metamera is usually, and rightly, put 
forward as a prominent character of the Vertebrate, and the manifold 
division or differentiation of them is of great importance in the 
various groups of the Vertebrates. But as far as our present task — 
the derivation of the simple body of the primitive Vertebrate from 
the chordula — is concerned, the parts or metamera are of secondary 
interest, and we need not go into them just now. 

The characteristic composition of the vertebrate body develops 
from the embryonic structure in the same way in man as in all the 
other Vertebrates As all competent experts now’ admit the mono- 
phyletic origin of the Vertebrates on the strength of this significant 
agi’eement, and this “ common descent of all the Vertebrates from 
one original stem-form ” is admitted as an historical fact, we have 
found the answer to "the question of all questions.” We may, 
moreover, point out that this answer is just as certain and precise in 
the case of the origin of man from the Mammals. This advanced 
vertebrate class is also monophyletic, or lias evolved from a common 
stem-group of low’er Vertebrates (reptiles, and, earlier still, amphibia). 
This follows from the fact that the Mammals are clearly distinguished 
from tlie other classes of the stem, not merely in one striking 
particular, but m a whole group of distinctive characters. 

It is only in the Mammals that we find the skin covered with 
hair, the breast-cavity separated from the abdominal cavity by a 
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complete diaphragm, and the larynx provided with an epiglottis. 
The Mammals alone have three small auscultory bones in the 
tympanic cavity — a feature that is connected with the characteristic 
modification of their maxillary joint. Their red blood-cells have no 
nucleus, whereas this is retained in all other Vertebrates. Einally, 



Ptg 106 a, B, C, D.—Instances of redundant mammary glands and nipples (hyper- 
tmifUf.ni). A apau- of small redundant breasts (with two nipples on the left) above the 
laifio normal ones; from a 45-vear-old Berlin woman, who bad had children 17 times 
(twins twice) (From JIausemcDi/i.) Ji the highest number, ton nipiiles (all giving milk), 
three pairs above, one pam below, the large normal breasts ; from a !i‘2-year-old servant at 
WaiMchau, (From Neuaebaui ,) 0 three paii's of nipples . tw’o pairs on the normal glands 
and one iiair above • liom a 19-year-old Japanese girl. Dfour pairs of nipples; one pair 
above the normal and two pairs of small accessory nipples underneath ; from a 22-year-old 
Baden soldier (Prom Wiederaheini.) 


it is only in the Mammals that we find the remarkable function of 
tJie breast-structure wJiich has given its name to the whole class — 
the 1‘oecling of the young by the mother’s milk. Tlie mammary 
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glands which serve this purpose are interesting in so many ways 
that we may devote a few lines to them here. 

As is well known, the lower Mammals, especially those which 
beget a number of young at a time, have several mammary glands 
at the breast. Hedge-hogs and sows have five pairs, mice four to 
five pairs, dogs and squirrels four pairs, cats and bears three pairs, 
most of the ruminants and many of the rodents two pairs, each 
provided with a teat or nipple (mastos). In the various genera of 
the half-apes (Lemm’s) the number varies a good deal. On the other 
hand, the bats and apes, which only beget one young at a time as a 
rule, have only one pair of mammary glands, and these are found at 
the breast as in man. 

These variations in the number or structm’e of the mammary 
apparatus {'niammariiivi) have become doubly interesting in the light 
of recent research in comparative anatomy. It has been shown that 
in man and the apes we often find redundant mammary glands 
{hyperinastism) and corresponding teats {liijpertliehsm) in both sexes. 
Fig. 106 show’s four cases of this kind — A, B, and C of three w’omen, 
and D of a man. They prove that all the above-mentioned numbers 
may be found occasionally in man. Fig. 106 A show’s the breasts 
of a Berlin woman who had had children seventeen times, and who 
has a pair of small accessory breasts (with two nipples on the left 
one) above the two normal breasts ; this is a common occurrence, 
and the small soft pad above the breast is not infrequently represented 
in ancient statues of Venus. In Fig. 106 C we have the same 
phenomenon in a Japanese girl of nineteen, w’ho has two nipples on 
each breast besides (three pairs altogether). Fig. 106 D is a man of 
twenty- two with four pairs of nipples (as in the dog), a small pair 
above and two small pairs beneath the large normal teats. The 
maximum number of five pairs (as in the pig and hedge-hog) w’as 
found in a Polish servant of twenty-tw’o w’ho had had several 
children ; milk w’as given by each nipple ; there w’ere three pairs of 
redundant nipples above and one pair underneath the normal and 
very large breasts (Fig. 106 B). 

A number of recent investigations (especially among recruits) 
have shown that these things are not uncommon in tlie male as well 
as the female sex. They can only be exidained by phylogeny, w’hich 
attributes them to atavism and latent heredity. The earlier ancestors 
of all the Primates (including man) w’ere low’er Placentals, w’hich 
had, like the hedge-hog (one of the oldest forms of the living 
Placentals), several mammary glands (five or more pairs) in the 
abdominal skin. In the apes and man only a couple of them are 
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normally developed, but from time to time we get a development of 
the atrophied structures. Special notice should be taken of the 
arrangement of these accessory mammis; they form, as is clearly 
seen in Pig. 106 B and D, two long rows, which diverge forward 
(towards the arm-pit), and converge behind in the middle line 
(towards the loins). The milk-glands of the polymastio lower 
Plaoentals are arranged in similar lines. 

The phylogenetic explanation of polymastism, as given in com- 
parative anatomy, has lately found considerable suppoi-t in ontogeny. 
Hans Strahl, E. Schmitt, and others, have found that there are 
always in the human embryo at the sixth week (when it is 15 mm. 
long) the microscopic traces of five pairs of mammary glands, and 
that they are arranged at regular distances in two lateral and 
divergent lines, which correspond to the mammary lines. Only one 
pair of them — the central pair — are normally developed, the others 
atrophying. Hence there is for a time in the human embryo a 
normal hyperthelism, and this can only be explained by the descent 
of man from polythelio lower primates (Lemurs). 

But the milk-gland of the Mammal has a great morphological 
interest from another point of view. This organ for feeding the 
young in man and the higher Mammals is, as is known, found in 
both sexes. However, it is usually active only in the female sex, 
and yields the valuable “ mother’s milk in the male sex it is small 
and inactive, a real rudimentary organ of no physiological interest. 
Nevertheless, in certain cases we find the breast as fully deve- 
loped in man as in woman, and it may give milk for feeding the 
young. 

We have a striking instance of this (iijmcomastim (large milk- 
giving breasts in a male) in Fig. 107. I owe the pliotograph (taken 
from life) to the kindness of Dr. Ornstoin, of Athens, a German 
physician, who lias rendered service by a number of anthropological 
observations (for instance, in several cases of tailed men). The 
gynecomast in question is a Gi’cck lucruit in liis twentieth year, who 
has both normally developed male organs and a very pronounced 
femalo breast. It is noteworthy that tho other features of the 
structure are in accord with tho softer forms of tho femalo sox. It 
reminds us of the marble statues of horniaplirodites which the 
ancient Greek and Eoman sculptors often prodiicod. But the man 
would only bo a real hermaphi*odite if lie luid ovaries internally 
liesicles the (externally visible) testicles. 

I observed a very similar case during my stay in Ceylon (at 
Belligemma) in 1881. A young Ginghalese in liis twenty-fifth year 
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was brought to me as a curious hermaphrodite, half-man and half- 
woman, His large breasts gave plenty of milk ; he was employed 
as “male nurse” to suckle a new-born infant whose mother had 
died at birth. The outline of his body was softer and more feminine 
than in the Greek shown in Eig. 107. As the Cinghalese are small 
of stature and of graceful build, and as the men often resemble the 
women in clothing (upper part of the body naked, female dress on 
the lower part) and the dressing of tlie hair (with a comb), I first 
took the beardless youth to be a woman. The illusion was the 
greater, as in this remarkable case gynecomastism was associated 
with cryptorchism — that is to say, the testicles had kept to their 
original place in the visceral cavity, and had not travelled in the 
normal way down into the scrotum. (Of. Chapter XXIX.) Hence 
the latter was very small, soft, and empty. Moreover, one could feel 
nothing of the testicles in the inguinal canal. On the other hand, the 
male organ was very small, but normally developed (as in Pig. 107). 
It was clear that this apparent hermaphrodite also was a real male. 

Another case of practical gynecomastism lias been described by 
Alexander von Humboldt. In a South American forest lie found a 
solitary settler whose wife had died in ohild-bii'th. The man had 
laid the new-born child on his own breast in despair ; and the 
continuous stimulus of the child’s sucking movements had revived 
the activity of tlie mammary glands. It is possible that nervous 
suggestion had some share in it. Similar cases liave been often 
observed in recent years, even among other male Mammals (such as 
sheep and goats). 

The gi’eat scientific interest of these facts is in their bearing on 
the question of heredity. The stein-lhstory of the mammarium 
rests partly on its embryology (Chapter XXIV.) and partly on the 
facts of comparative anatomy and physiology. As in tlio lower and 
older Mammals (tlie Monotreuies, and most of tlie Marsupials), the 
whole lactiferous apparatus is only found in the female ; and as 
there are traces of it in the male only in a few younger Marsupials, 
there can be no doubt that these important organs wore originally 
found only in tlie female Maimnal, and tliat they wore acquired by 
tliese tliroiigli a special adaptation to habits of life. 

Latov, tiiese female organs were communicated to both sexes by 
heredity; and they have been maintained in all iiovsons of either 
sex, although tiioy are not physiologically active in the males. This 
normal poimaneiico of tlie female lactiferous organs in both sexes of the 
liiglior Matiiinals and man is independent of any selection, and is a fine 
instance of the much-disputed “inheritance of acquired characters.” 



ELEVENTH TABLE 

SYNOPSIS OF THE CHIEF OHGANS OF THE 
PEOVEETEBEATES (THE HYPOTHETICAL PEIMITIVE 
VEETEBEATES) AND THEIE DEYELOPIMENT 
(PEOSPONDYLUS) 

Four Secondary Synonyms of Fundamental Organs of the 
Germ-layers. the Layers. Primitive Vertebrates. 


I. Sensory layer 

(skia-sense-layer) 

neuroblast. 

Lamina neuralis 

outer limiting 
layer, 

{Se^isation.) 


Skin-layer 

(Baer.) 

Primary animal 
layer. 


1. Outer skin (epidermis) 

(simple cell-layer on the outer 
surface of the body), 

2. Nervous system (sensorium). 

2. A. Medullary tube (nervous 

centre). 

2. B. Peripheral nervous svstem. 

3. Sense-organs (sensUla). 

3. A. Nose (olfactory pits). 


3. G. Auscultory vesicles (stato- 
cysts). 


II. Muscular 
layer 

(skin-fibrous-layer) 

myoblast. 

Lamina 

parietalis 

outer middle layer. 
{Movement.) 


III. Sexual layer 

(gut-fibrous-layer) 

gonoblast. 

Lamina 

viseeralis 

inner middle layer. 
{Bep’odiiction.) 


IV. Glandular 
layer 

(gut-gland-laycr) 
onteroblast. 
Lamina 
enteralis 
imier limiting 
layer. 
Nutrition.) 


Fleshy-layer 

(Baer). 

(Mainly used 
for construction 
of the episomites 
and somato- 
pleura.) 


Vascular layer 
(Baer). 

(Mamly used 
for construction 
of the hypo- 
somites and 
the splanchno- 
pleura.) 


4. Corium 

(cutis-plate). 

6. Muscular wall of the trunk 
(motorium) 

(metamerous lateral muscles). 

6. Chord-sheath (perichorda) 

(skeletal base). 


7. Primitive kidneys (prone- 

phridia) 

(metamerous ccelom-canals). 

8. Sexual glands (gonads) 

(metamerous ventral coelom- 

pouches) . 

9. Vascular system (vasorium). 

9 . A . Ventral principal vem . Heart . 

9. B. Dorsal aorta (principal 

artery). 

10 . Ventral muscular waU and 

mesentery 

(fibrous -wall of the gut) . 

10. A. Skeleton and muscles of the 
gill-arches (visceral skeleton). 

10. B. Muscular wall of the hepatic 
gut. 


JIucous layer 
(Baer). 

Primary vegetal 
layer. 


11. Chorda dorsalis (notoehorda) 

(axial rod), unsegmented. 

12. Gut-epithelium (gastro- 
dermis). 

12. A. Epithelium of the head or 
gill-gut. 

12. B. Epithelium of the trunk or 
liver-gut. 
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CHAPTEE XII. 


EMBEYONAL SHIELD AND GERMINATIVE AREA 

Oenogenetic characteristics of amniote embryology. The classic hen’s egg as a 
source of error. False antithesis of germ and yolk. The yolk belongs to the 
vegetal half. Yolk-germ and yolk-glands of the Amphibia. Plat germinal 
disc of the birds and reptiles. Severance of it from the yolk-sac. Primary, 
secondary, and tertiary embryonic stages of the Vertebrate. The so-called 
blastula of the Llammal (blastocyst). Its origin by modification of the feeding 
of the young. Descent of the viviparous blaminals from oviparous. Envelopes 
of their epigastrula (covering layer). Conversion of the two-layered mto the 
four-layered genninal disc. Dark and light gorminative area. Embryonic 
shield {embryasj)is) or dorsal shield {notaspts), embryonic formation. Relation 
of the germmative area to the permanent gut (menasoma). The continued 
inheritance and subseq^uent loss of the food-yolk in the Vertebrates. Influence 
of these cenogenotio processes on the modification of the gnstrula. 

The three higher classes of Vertebrates wliich we call the Amniotes 
— the Mammals, Birds, and Rei)tiles — are notably distinguished by 
a number of peculiarities of their development from the five lower 
classes of the stem — the animals without an amnion (Anamnia or 
lohthyopoda) . All the Amniotes have a distinctive embryonic 
membrane known as tlie amnion (or “ wator-menihrane ”). and a 
special embryonic appendage — the allantois. They liave, further, a 
considerable yolk-sac, which is filled with food-yolk in the Reptiles 
and Birds, and with a clear corresi)onding fluid in tlie Mammals. 
In consequence of these ccnogonetic structures, tlio original features 
of the development of tho Amniotes arc so much altered that it is 
very difficult to reduce tliom to the palingonotio embryonic jn’oeesses 
of the lower amnion-less Vertolmites. Tho gastru'a-theory shows us 
how to do this, by representing tho cndiryology of tho lowest Verte- 
brate, tlie skull-less Ampliioxus, as tlio original form, and deducing 
from it, througli a series of gradual modifieatiuns, the gastrulation 
and coelonuition of the Craniota. 

Lt was somewhat fatal to tho true concoiition of tlio chief 
CMiihryoiiic piocesses of tho Vertelirato tliat all the older endiryologists, 
hom Malpighi (UjH7) and Wolff (17/30) to Ihior (hS2H) and Remak 
( hSrOO), al\\a> s started from the investigation of tho hen’s egg, and 
tratislerrod to man and the other Vertebrates tho imiiressions they 
galhoied from this. This classical object of cmbryological research 

230 



EMBBYONAL SHIELD AND GEEMINATHTI ABEA 231 

is, as we have seen, a source of dangerous errors. The large globular 
food-yolk of the bh'd’s egg causes, in the first place, a flat discoid 
expansion of the small gastrula, and then so distinctive a development 
of this thin round embryonal disc that the controversy as to its 
significance occupies a large pai’t of embryological literature. 

One of the most unfortunate errors that tliis led to was the idea 
of an original antithesis of germ and yolk. The latter was regarded 
as a foreign body, extrinsic to the real germ, whereas it is ready a 
part of it, an embr^^onic organ of nutrition. Many authors said 
there was no trace of the embryo until a later stage, and outside the 
yolk; sometimes the two-layered embryonic disc itself, at other 
times only the central axial portion of it (as distinguished from the 
germinative area which we will describe presently), was taken to be 
the first outline of the embryo. In the light of the gastrsea-theory 
it is hardly necessary to dwell on the defects of this earlier view and 
the erroneous conclusions drawn from it. In reality, the first 
segmentation-cell, and even the stem-cell itself and all that issues 
therefrom, belong to the embryo. As the large oiiginal yolk-mass in 
the undivided egg of the bird only represents an inclosuxe in the 
greatly enlarged ovum, so the later content of its embryonic yolk-sac 
(whether yet segmented or not) is only a part of the entoderm which 
forms the primitive gut. This is clearly shown by the amphiblastic 
ova of the Amphibia and Oyclostoma, which explain the transition 
from the archiblastic yolk-less ova of the Amphioxus to the large 
yolk-filled ova of the Eeptiles and Birds. 

It is precisely in the study of these difficult features that we see 
the incalculable value of phylogenetic considerations in explaining 
complex ontogenetic facts, and the need of separating cenogenetic 
phenomena from palingenetic. This is particularly clear as regards 
the comparative ontogeny of the Vertebrates, because here the phylo- 
genetic unity of the stem has been ah’eady established by the well- 
known facts of paleontology and comparative anatomy. If this 
unity of the stem, on the basis of the Amphioxus, were always borne 
in mind, we should not have these errors constantly recurring. 

A wrong idea of the formation of the yolk not only led astray 
the most and best of the older embryologists, but the same thing 
not infrequently happens in our time. We have a recent instance 
in the excellent work. On the Embrijolo(ju and Anatomy of the Ceylon 
Ichthyophis Glutinosiis. Those admirable observers, the brothers Paul 
and Fritz Sarasin, formulated the thesis, in the third part of this work 
(1889), that “the two germ-layers of the gastrula do not correspond 
to the entoderm and ectoderm, but to the blastoderm and yolk of 



232 EMBEYONAL SHIELD AND GEEMINATTVE ABEA 

the Vertebrate,” and thought they had thus “ provided the founda- 
tion for a comparative embryology of the animal kingdom.” On 
their view, “ the gastrula consists of two layers, of wliich the inna’ 
is the lecithoblast and the outer the blastoderm.” 

The misinterpretation of facts and confusion of ideas which he 
at the bottom of these opinions are due to the supposition that in 
every case the yolk is a part of the vegetal half of the embryo. As 
the undivided food-yolk is only a portion of the contents of the 
vegetal hemisphere of the ovum in the unicellular germ (the stem- 
cell), so we must always regard the divided food-yolk as a part of 
the ventral wall of the primitive gut in the multicellular embryo. 
The yolk-embryo, or lecithoblast, of Sarasin is only a limited portion 
of the entoderm — that portion which develops in the ventral wall of 
the primitive gut from its central part; as “yolk-gland” {lecitho- 
dmia) it is just as much a subordinate glandular part of the whole 
gut-tube as the visceral glands (liver, lungs, etc.) that afterwards 
grow out of it. On the other hand, the dorsal part of the embryo, 
which Sarasin opposes as “ blastoderm ” to the ventral lecithoblast, 
is by no means the original embryonic membrane (embracing all the 
embryonic cells), the real blastoderm, but the relic of the entoderm 
and the whole of the ectoderm. 

In many other cases also the oenogenetic relation of the embryo 
to the food-yolk has until now given rise to a quite wrong idea of 
the first and most important embryonic processes in the higher 
Vertebrates, and lias occasioned a number of false theories in the 
ontogeny of them. Until thirty years ago the embryology of the 
higher Vertebrates always started from the position that the first 
struotm-e of the emljryo is a flat, leaf-shaped disc ; it was for this 
reason that the cell-layers that compose this germinal disc (also 
called germinative area) are called “germ-layers.” This flat 
germinal disc {blasted iscu.'i), which is round at first and tlien oval, 
and which is often described as the scar or cicati'icula in the laid 
hen’s egg, is found at a certain part of the surface of the large 
globular food-yolk. I am convinced that it is notliing else than the 
discoid, flattened gastrula of the birds {discotjasiritla). At the 
lieginning of germination the flat embryonic disc curves outwards, 
and separates on the inner side from the underlying large yolk-ball. 
Ill this way the flat layers are converted into tubes, their edges 
folding and joining together (Fig. 108). As the ouibiyo gi’ows at the 
expense of the food-yolk, the latter becomes smaller and smaller ; it 
is conqilotoly surrounded by the germ-layers. Later still, the 
remainder of the food-yolk only forms a small round sac, the yolk- 
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sac or umbilical vesicle {sacciis mtellhms or vesicula umhilicalis, 
Eig. 108 This is enclosed by the visceral layer, is connected by 
a thin stalk, the yolk-duct {ductus vitellinus) , with the central part 
of the gut-tube, and is finally, in most of the Vertebrates, entirely 
absorbed by this {H). The point at which this takes place, and 
where the gut finally closes, is the visceral navel. In the Mammals, 
in which the remainder of the yolk-sac remains without and 
atrophies, the yolk-duct at length penetrates the outer ventral wall. 



Fig. 108.— Severance of the discoid mammal embryo from the yolk-sac, in 
transverse section (diagrammatic) A The germinal disc (7i, 7^) lies flat on one side of 
the vesicle (fcb) B In the middle of the germinal disc ■w'e find the medullarj' groove {mr), 
and underneath it the chorda (c7i). O The gut-flbre-layer (df) has been enclosed by the 
gut-gland-layer Uld) B The skm -fibre-layer Uif) and gut-ftbre-layer {df) divide at the 
periphery; the gut id) begins to separate from the yolk-sac or umbilical vesicle inh). 
E The medullary tube imr) is closed ; the body-cavity (c) begins to foi*m F The prover- 
tebree iio) begin to grow round the medullary tube imr) and the chorda (cTj) the gut id) is 
cut oft from the umbilical vesicle inb). EL The vertebras iw) have grown round the medul- 
lary tube ) and choida; the bod> -cavity is closed, and the umbihcal vesicle has dis- 
appeaied. The amnion and serous membrane are omitted 

The letters have the same meanmg throughout li horn-plate, mr medullary tube, hf 
skin-flbie-laver, tv provertebrae, cJi chorda, c body-cavity or cmlom, df gut-hbre-layer, del 
gut-gland-layer, d gut-cavity, nb umbUicol vesicle. 


At birth the umbilical cord proceeds from hero, and the point of 
closure remains tliroughout life in the skin as tlie navel. 

As the older embryology of the higher Vertebrates w^as mainly 
based on the chick, and regarded the antithesis of embryo (or 
formative-yolk) and food-yolk (or yolk-sac) as original, it had also 
to look upon the flat leaf-shaped structure of the germinal disc as 
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the primitive embryonic form, and emphasise the fact that hollow 
grooves were formed of these flat layers by folding, and closed tubes 
by the joining together of their edges. 

This idea, which dominated the whole treatment of the embryo- 
logy of the higher Yertebrates until thirty years ago, was totally 
false. The gastrsea-theory, which has its chief application here, 
teaches us that it is the very reverse of the truth. The cup-shaped 
gastrula, in the body-wall of which the two primary germ-layers 
appear from the first as closed tubes, is the original embi-yonic form 
of aU the Vertebrates, and all the invertebrate Metazoa; and the 
flat germinal disc with its superficially expanded germ-layers is a 
later, secondary form, due to the cenogenetic formation of the large 
food-yolk and the gradual spread of the germ-layers over its surface. 
Hence the actual folding of the germ-layers and their conversion 
into tubes is not an original and i^rimary, but a much later and 
tertiary, evolutionary process. In the phylogeny of the vertebrate 
embryonic process we may distinguish the following three stages : — 


A. First Stage ; 
Primary 

(palingenetic) 
embryonic process. 

B. Second Stage ; 
Secondary 

(cenogenetic) 
embryonic process. 

C. Third Stage : 
Tertiary 
(cenogenetic) 
embrj’omo process. 

The germ-layers fonn 
from the first closed tubes, 
the one-layered blastula 
being converted into the 
two-layerod gastrula by 
invagination. 

No food-yolk. 

{Avi;phioxus.) 

The genn-layers spread 
out leaf-wise, food-yolk 
gathering in the ventral 
entoderm, and a largo 
yolk-sac being formed 
from the middle of tho 
gut-tube. 

{Am;pUihia.) 

The germ-layers form a 
flat germinal disc, the 
borders of which join 
together and form closed 
tubes, separating from the 
central yolk-sao. 

[Amniotes.) 


As this theory, a logical conclusion from the gastra}a-tlieory, has 
been fully substantiated by tlio comparative study of gastrulation in 
the last few decades, we must exactly reverse tlie hitherto prevalent 
mode of treatment. The yolk-sac is not to be treated, as was done 
formerly, as if it w^ero originally antithetic to the embryo, but as an 
essential part of it, a part of its visceral tube. The primitive gut of 
the gastrula lias, on this view, been divided into two jjarts in the 
liighor animals as a result of the cenogenetic formation of the food- 
yolk — the porraanout or after-gut {}iLcta(jastci) , or the iiormanent 
alimentary canal, and the yolk-sac {leciDioma) , or umbilical vesicle. 
This is very clearly shown by the comparative ontogeny of the fishes 
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and Amphibia. In these cases the whole yolk imdergoes cleavage at 
first, and forms a yolk-gland, composed of yolk-cells, in the ventral 
wall of the primitive gut. But it afterwards becomes so large that 
a part of the yolk does not divide, and is used up in the yolk-sac 
that is cut off outside. 

When we make a comparative study of the embryology of the 
Amphioxus, the frog, the chick, and the rabbit (Plates II., III.), 
there cannot, in my opinion, be any further doubt as to the truth of 
this position, which I have held for thmty years. Hence in the 
light of the gastraea-theory we must regard the features of the 
Amphioxus as the only and real primitive structure, departing very 
little from the palingenetic embryonic form, among all the 
Vertebrates. In the Cyclostomes and the frogs these featm'es are, 
on the whole, not much altered cenogenetically, but very much so 
in the chick, and most of all in the rabbit. In the bell-gastrula of 
the Amphioxus and in the crested gastrula of the Lamprey and the 
frog the germ-layers are found to be closed tubes or vesicles from 
the first (Plate II., Pigs. 6, 11). On the other hand, the chick- 
embryo (in the new laid, but not yet hatched, egg) is a flat circular 
disc, and it was not easy to recognise this as a real gastrula. 
Eauber and Goette have, however, achieved this. As the discoid 
gastrula grows round the large globular yolk, and the after-gut or 
permanent gut then separates from the outlying yolk-sac, we find all 
the processes which we have shown (diagrammaticaUy) in Pig. 108 
— processes that were hitherto regarded as principal acts, whereas 
they are merely secondary. 

The oldest, oviparous Mammals, the discoblastic Monotremes, 
behave in the same way as the Sauropsida (reptiles and birds). But 
the corresponding embryonic processes in the viviparous Mammals, 
the Marsupials and Placentals, are very elaborate and distinctive. 
They were formerly quite misinterpreted; it was not until the 
publication of the studies of Edward van Beneden (1875) and the 
later research of Selenka, Kuppfer, Eabl, and others, that light was 
thro^\Ti on them, and we were in a position to bring them into line 
with the principles of the gastraea-theory and trace them to the 
embryonic forms of the lo'wer Vertebrates. Although there is no 
independent food-yolk, apart from the formative yolk, in the Mammal 
ovum, and although their segmentation is total on that account, 
novertlieloss a large yolk-sac {lecithmia) is formed in their embiyos, 
and the “ embryo proper ” spreads leaf- wise over its surface, as in 
tlio Eeptiles and Birds, which have a large food-yolk and partial 
segmentation. In the Mammals, as well as in the latter, the flat, 
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leaf-shaped germinal disc (blastodiscics) separates from the yolk-sac, 
and its edges join together and form tubes. 

How, then, can we explain this curious anomaly ? Only as a 
result of very characteristic and peculiar cenogenetie modifications 
of the embryonic process, the real causes of which must be sought 
in the change in the rearing of the young on the part of the viviparous 
Mammals. These are clearly connected with the fact that the 
ancestors of the viviparous Mammals were oviparous Amniotes like 
the present Monotremes, and only gradually became viviparous. 
This can no longer be questioned now that it has been shown (1884) 
that the Monotremes, the lowest and oldest of the Mammals, still 
lay eggs, and that these develop like the discoblastic ova of the 
Reptiles and Birds. Their nearest descendants, the Marsupials, 
formed the habit of retaining the eggs, and developing them in the 



Fig 100. Fig no 


Fig. 109.— The visceral embryonic vesicle (Uastncmtis or aastrori/Rtin) of a rabbit (the 
lilastula” or vesicnla bhtHtnilermica of other wiitois) a outer envelope (ovolemina), 
6 hkin-layor or eotoderiii, toniun« the ontiro wall of the yolk-vohielo, c groups of dark cells! 
reiiroHenting the viHcoial layer or entodomi. 

Fig. no —The same m sections. Lctteis as abovo, cZ cavity of the vesicle. (From 


oviduct ; tlie latter was thus converted into a womb (uterus). A 
nutritive fluid that was secreted from its wall, and transuded through 
the wall of the blastula, now served to food the embryo, and took 
the place of the food-yolk. In this way the original food-yolk of the 
meroblastic Monotremes gradually atrophied, and at last disappeared 
so completely that the partial ovum-segmentation of their descendants, 
the rest of the Mammals, once more became total. From the disco~ 
(jaHtriila of the former was evolved the distinctive cpujastriila of the 
latter. 

It is only by this phylogenetic explanation that we can under- 
stand tlio formation and development of the peculiar, and hitherto 
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totally misunderstood, blastula of the Mammal. This vesicular 
shape of the Mammal emhryo vras discovered 200 years ago (1677) 
by Eegner de Graaf. He found in the uterus of a rabbit four days 
after impregnation small, round,' loose, transparent vesicles, with a 
double envelope. However, Graaf’s discovery passed without 
recognition. It was not until 1827 that these vesicles were re- 
discovered by Baer, and then more closely studied in 1842 by Bischoff 
in the rabbit (Figs. 109, llO). They are found in the womb of the 
rabbit, the dog, and other small Mammals, a few days after copula- 
tion. The mature ova of the Mammal, when they have left the 
ovary, are fertilised either here or in the oviduct immediately 
afterwards by the invading sperm-ceUs.^ (As to the womb and 
oviduct see Chapter XXIX.) The cleavage and formation of the 
gastrula take place in the oviduct. Either here in the oviduct or 
after the Mammal gastrula has passed into the uterus it is converted 
into the spherical vesicle 
which is shown externally 
in Fig. 109, and in section 
in Fig. 110. The thick, 
outer, structureless envelope 
that encloses it is the original 
ovolenma or soiia pellucida, 
modified, and clothed with 
a layer of albumin that has 
been deposited on the out- 
side. From this stage the 
envelope is called the exter- 
nal membrane, the primary 
chorion or prochorion (u). The real wall of the vesicle enclosed by 
it consists of a simple layer of ectodermic cells (b), which are 
flattened by mutual pressure, and generaUy hexagonal ; ^ a light 
nucleus shines through their fine-grained protoplasm^ (Fig. 111). 
At one part (c) inside this hollow ball we find a circular disc, 
formed of darker, softer, and rounder cells, the dark-grained ento- 
dermic cells (Fig. 112). 

The characteristic embryonic form that the developing Mammal 
now exhibits has up to the present usually been called the “ blastula ” 
(Bischoff),“ sac-shaped embryo ” (Baer), “vesicular embryo [vesiciila 



Pig. 111. Fig. 112. 

Fig.' 111.— Four ectodermic cells from the 
embryonic vesicle of the rabbit. 

Pig. 113 — ^Two entodermic cells from the 
embryomc vesicle of the rabbit. 


1 In man and the other Mammals the fertilisation of the ova Probably tehesplaw.M a 
rule, in the oviduct ; here the ova. which issue from the female ovary inside the 
follicle, and enter the inner apeiture of the oviduct encounto 
the male seed, which pass into the uterus at copulation, and from 
aperture of the oviduct. Impregnation laiely takes place in the ovai-y or m the worn . 
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hlastodemiica, or, briefly, hlastoplmra). The wall of tbe hollow 
vesicle, which consists of a single layer of cells, was called the 
“ blastoderm,” and was supposed to be equivalent to the cell-layer 
of the same name that forms the wall of the real blastula of the 
Amphioxus (Plate II., Pig. 4) and many of the Invei-tebrates (such 
as Monoxenia, Fig. 31, F, Q). Formerly this real blastula was 
generally believed to be equivalent or homologous to the embryonic 
vesicle of the Mammal. However, this is by no means the ease. 
What is called the “ blastula ” of the Mammal and the real blastula 
of the Amphioxus and many of the Invertebrates are totally different 
embryonic structures. The latter- (blastula) is palingenetic, and 
precedes the formation of the gastrula. The former (blastodermic 
vesicle) is cenogenetic, and follows gastrulation. The spherical wall 
of the blastula is a real blastoderm, and consists of homogeneous 
(blastodermic) cells ; it is not yet differentiated into the two primary 
germ-layers. But the spherical wall of the mammal vesicle is the 
differentiated ectoderm, and at one point in it we find a ehcular 
disc of quite different cells — the entoderm. The round cavity, filled 
with fluid, inside the real blastula is the segmentation-cavity. But 
the similar cavity within the mammal vesicle is tlie yolk-sac cavity, 
which is connected with the incipient gut-eavitv. This primitive 
gut-cavity passes directly into the segmentation-cavity in the 
Mammals, in consequence of the peculiar cenogenetic changes in 
their gastrulation, which we have considered previously (of. Chapter 
IX.). 

For these reasons it is very necessary to recognise the secondary 
embryonic vesicle in the Mammal {{icnitrocyfitia or hlastocijstis, 
formerly called vesiciila blatitoderuiica) as a characteristic structure 
peculiai- to this class, and distinguish it carefully from tlie primary 
blastula of the Amphioxus and the Invertebrates. Tlio wall of this 
mammal vesicle consists of two difforent parts. The greater portion 
of it is one-layered, and formed only of tlio cctoderni. The smaller 
part — namely, the round disc that is made up of the two piimary 
germ-layers — may be called with Van Benedon the gastric disc 
{(jastwdiscun). The primary octodorm is iiavtly transitory (a 
temporary envelope or Baub’s “covering layer”), and is replaced by 
a secondary ectoderm, which develops from tho border of the gastric 
disc. 

The small, circular, whitish, and opaque spot which this gastric 
disc forms at a certain part of the surface of the clear and transparent 
einl)r\onic vesicle has long been known to science, and compared to 
the germinal disc of tho Birds and Beiitiles. Sometimes it has been 
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called the germinal disc {discus blcLstodewiicus)^ sometimes the 
germinal spot {tacJie embryo7i7iaire), and usually the germinative area 
{area germinativa). Erom the area the fmiiher development of the 
embryo proceeds. However, the larger part of the embryonic 
vesicle of the Mammal is not directly used for building up the later 
body, but for the construction of the temporaiy umbilical vesicle. 
The embryo separates from this in proportion as it grows at its 
expense ; the two are only connected by the yolk-duct (the stalk of 
the yolk-sac), and this maintains the direct communication between 
the cavity of the umbilical vesicle and the for min g visceral cavity 
(Eig. 108). 

The germinative area or gastric disc of the Mammal consists at 
first (like the germinal disc of Birds and Reptiles) merely of the two 
primary germ-layers, the ectoderm and entoderm. But soon there 
appears in the middle of the circular disc between the two a third 
stratum of cells, the rudiment of the middle layer or fibrous layer 
{viesoderm). This middle germ-layer consists from the first, as we 
have seen in the Tenth Chapter, of two separate epithelial plates, the 
two layers of the coelom-pouches (parietal and visceral). However, 
in all the Amniotes (on account of the large formation of yolk) these 
thin middle plates are so firmly pressed together that they seem to 
represent a single layer. It is thus peculiar to the Amniotes that 
the middle of the germinative area is composed of four germ-layers, 
the two limiting (or primary) layers and the middle layers between 
them (Figs. 99, 100). These four secondary germ -layers can be 
clearly distinguished as soon as what is called the crescent-groove 
(or “embryonic crescent”) is seen at the hind border of the 
germinative area. At the periphery, however, the germinative area 
of the Mammal consists of only two layers. The rest of the wall of 
the embryonic vesicle consists at first (but only for a short time in 
most of the Mammals) of a single layer, the outer germ-layer. 

Erom this stage, however, the whole wall of the embryonic 
vesicle becomes two-layered. The middle of the germinative area is 
much thickened by the gro^vth of the cells of the middle layers, and 
the inner layer expands at the same time, and increases at the border 
of the disc all round. Lying close on the outer layer throughout, it 
grows over its inner surface at all points, covers first the upper and 
then the lower hemisphere, and at last closes in the middle of the 
inner layer (Eigs. 113-117). The wall of the embryonic vesicle now 
consists throughout of two layers of cells, the ectoderm without and 
the entoderm within. It is only in the centre of the circular area, 
which becomes thicker and thicker through the growth of the middle 



240 EMBEYONAL SHIELD AND GEEMINATIYE AEEA 


layers, that it is made up of all four layers. At the same time small 
structureless tufts or warts are deposited on the surface of the outer 





Fig. 115. 

Fig. 113— Ovum of a rabbit from the 
utenis, four mm in diameter. The einlirv- 
onic vesicle {b) has -witbdi’a'wn a little fi’om 
the smooth ovoleiuma («). In the middle of 
the ovoleimua we see the round germinal disc 
(blastodiseus, c), at the edfio of which (at d) 
the inner layer of the emlnvoiiio vesicle is 
aheady begmmnti to expand. (Figs. UJ-117 
lioiu Bihclwif ) 

Fig 114 —The same ovum, soon m profile. 

Lettois as in Fig. lid. 

Fig 115— Ovum of a rabbit from the 
uterus, six iiiiii. lu diameter. The blastoderm 
IS already tor the most part two-laveie<l (h). 
The ovolenima, or outer envelope, is tutted {a). 

Pig 116.— The same ovum, seen in profile. 
Letters as in Fig 115- 

Fig. 117— Ovum of a rabbit from the 
uterus, eight mm lu diameter. The onibrv- 
omc vesicle is now nearly everywhere two- 
biverod (AJ, only remaining ono-layoied below 
(at d). 


Fig. 116. 



Fig. 117. 


ovolomma or procliorion, which has been raised above the embryonic 
vosiclo (Figs. 115-117 a). 

Wo may now disregard both the outer ovolemma and the greater 
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part of the vesicle, and concentrate onr attention on the germinative 
area and the four-layered embryonic disc. It is here alone that vre 
find the important changes which lead to the differentiation of the 
first organs. In this it is immaterial w'hether we examine the 
germinative area of the Mammal (of the rabbit, for instance) or the 
germinal disc of a Bird or a Eeptile (such as a lizard or tortoise). 
The embryonic processes we are now going to consider are essentially 
the same in all members of the three higher classes of Vertebrates 
which we call the Amniotes. Man is found to agree in this respect 
with the rabbit, dog, ox, etc.; in all these Mammals the germinative 
area undergoes essentially the same changes as in the Birds and 
Eeptiles. They are most frequently and accurately studied in the 
chick, because we can have incubated hen’s eggs in any quantity at 



Pig. 119. 



Fig 118 —Round germinative area of the rabbit, divided into the central light area 
{.area velluoula) and the peripheral dark aa-ea (area opaca). The light area seems darker 
on account of the dark ground appearing through it. 

Fig. 119 —Oval area, with the opaque whitish border of the dark area without. 


any stage of development. Moreover, the round germinal disc of the 
chick passes immediately after the beginning of incubation (within a 
few hours) from the two-layered to the four-layered stage, the two- 
layered mesoderm developing from the median primitive groove 
between the ectoderm and entoderm (Digs. 95-98). 

The first change in the round germinal disc of the chick is that 
the cells at its edges multiply more briskly, and form darker nuclei 
in their protoplasm. This gives rise to a dark ring, more or less 
sharply set off from the lighter centre of the germinal disc (Fig. 118). 
From this point the latter takes the name of the “light area” {area 
pellucida)t and the darker ring is called the “ dark area” {area oi)aca). 

E 
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(In a strong light, as in Figs. 118-120, the light area seems dark, 
because the dark ground is seen through it ; and the dark area seems 
whiter.) The circular shape of the area now changes into elliptic, 
and then immediately into oval (Figs. 119, 120). One end seems to 
be broader and blunter, tlie other narrower and more pointed ; the 
former coiTesponds to the anterior and the latter to the posterior 
section of the subsequent body. At the same time, we can already 
trace the characteristic bilateral form of the body, the antithesis of 
right and left, before and behind. This will be made clearer by the 
“primitive streak," which appears at the posterior end. 

At an early stage an opaque spot is seen in the middle of the 
clear germinative area, and this also passes from a circular to an 
oval shape. At first this shield-shaped marking is very delicate and 
barely perceptible ; but it soon becomes clearer, and now stands out 
as an oval shield, surrounded by two rings or areas (Fig. 120). The 
inner and brigliter ring is the remainder of the pellucid area, and the 
dark outer ring the remainder of the opaque area ; the opaque shield- 
like spot itself is the first rudiment of the dorsal part of the embryo. 
We give it briefly the name of embryonal sliield {emb}'ijas 2 )is) or 
dorsal shield {iiotas 2 )iii)} Remak has called it the “double shield,” 
because it arises from a shield-shaped thickening of the outer and 
middle germ -layer. In most works this embryonal sliield is 
described as “ the first rudiment or trace of the embryo " or 
“primitive embryo." But tliis is wrong, thoiigli it rests on the 
autliority of Baer and Bisohofl*. As a matter of fact, wo already have 
the embryo in the stem-cell, the gastvula, and all the subsequent 
stages. The emliryonal sliield is simply the first rudiment of the 
dorsal part, wliich is the earliest to develoj). 

As the older names of “ embryonic rudiment " and “ germinative 
area" are used in many ditt'eient senses — and this has led to a fatal 
confusion in ontogenetic literature — we must explain very clearly the 
real significance of these important embryonic paits of the Aniniote. 
Eemak had pointed out m IHfiO tliat it is quite wrong to describe 
the embryonal shield or “Baer’s shield" as “the futuie embryo” 
or “tlie first trace of the embryo." Tlio primary germ-layers are 
really tlie first rudiment of tlie embiyo. Nevertheless, the older 
names have been retained in great measure to our own time, tlianks 
to the authority of Baer and Bischoff. Tims, Kollikcr, for instance, 
one of tlie most distinguished and influeiitial embryologists, says, 

' Tlu! «('iuiinal shiold m at first merely a dorsal shield m Hit' .Vmniotos; wbon the 
fiotiLiiI scptiiiii ]h atterw <irds toriiiod between the uinsoma and hj pohoina, the dorsal shield 
ai>peiirs as the “ stcui-zouo " iii contrast to the ventral body 1" parietal zone” or yolk-sac). 
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even in the latest edition of his Human Embrijolocju (1884) : “In the 
middle of the pellucid area (of the chick) we get later on the first 
traces of the embryo and in the blastodermic vesicle of the rabbit 
there appears, at the part where it is three-layered, a white, round, 
opague spot, the embryonal spot (area emhryonalis) , which is no 
other than the first outline of the embryo.” The misunderstanding 
that arises from these and similar expressions has led to a number 
of serious errors in explaining the embryonic structures. In view 
of these, I must formally draw up the following principles : — 

1. The so-caUed “ first trace of the embryo ” in the Amniotes, or 



Fig. 120. Fig. 131. 


Fig. 120.— Oval germinal disc of the rabbit, magnified about ten times. As the 
delicate, half-tmnsparent disc lies on a black ground, the pellucid area looks like a dark 
ling, and the opaque area (lying outside it) as a white ring The oval shield in the centre 
also looks whitish, and in its axis we see the dark medullary groove. (From Biscliof ) 

Fig. 131.— Pear-Shaped germinal shield of the rabbit (eight days old), magnified 
twenty times, if medullary groove, vr primitive groove (primitive mouth), (From 
Kolhker.) 


the embryonal shield {ejnbryasjns) , in the centre of the pellucid area, 
consists merely of an early differentiation and formation of the 
middle dorsal parts. 

2. Hence the best name for it is “ the dorsal shield ” {notasjns), 
as I proposed long ago. 

3. The germinative area, in which the first embryonal blood* 
vessels appear at an early stage, is not opposed as an external area 
to the “ embryo proper,” but is a part of it. 

4. In the same way, the yolk'sac or umbilical vesicle (the ‘ relic 
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of the blastula ”) is not a foreign external appendage of tlie embiyo, 
but an outlying part of its primitive gut, an embryonal visceral 
gland. 

5. The dorsal shield gradually separates from the germinative 
area and the yolk-sac, its edges growing downwards and folding 
together to form ventral plates [lammcB vmh'ales). 

6. The yolk-sac and vessels of the germinative area, which soon 
spread over its whole smlace, are, therefore, real embryonal organs, 
or temporary pai’ta of the embryo, and have a transitory importance 
in connection with the nutrition of the growing later body ; the 
latter may be called the “ permanent body ” {menosoma) in contrast 
to them. 

The relation of these eenogenetic features of the Amniotes to the 
palingenetic structures of the older non-amniotic Vertebrates may 
be expressed in the following theses ; The original gastrula, which 
completely passes into the embryonic body in the Acrania, Cyclo- 
stoma, and Amphibia, is eaidy divided into two parts in the Amniotes 
— the embiyonal shield {embrijaspis), which represents the dorsal 
outline of the permanent body {iimiosomo ) ; and tlie temporary 
embryonic organs of the germinative area and its blood-vessels, which 
soon grow over the whole of tlie yolk-sac. The differences which we 
find in the various classes of the vertebrate stem in these important 
particulars can only be fully understood when we ])ear in mind their 
phylogenetic relations on the one hand, and, on the other, the ceno- 
genetic modifications of structure that liave been brought about by 
changes in tlie rearing of tlie young and the variation in the mass of 
the food-yolk. 

We have already described in tho Nintli Chapter the changes 
which this polyphyletie increase and decrease of tho nutritive yolk 
causes in the form of the gastrula, and especially in the situation 
and sliaiie of the primitive mouth. The primitive inoutli (or 
prostoma) is originally a .simplo round ajierture at tho lower (aboral) 
pole of the long axis ; its dorsal lip is above and ventral lip below. 
In the holoblastic Anipliioxus this primitive mouth is a little 
eccentric, or shifted to tlio dorsal side (Fig. 41). The aporturo 
increases with the growth of the food-yolk in the Cyclostomcs and 
Clanoids ; in the sturgeon it lies almost on tho eciuator of tho round 
ovum, tho ventral lip (a) in front and tlic ilorsal lip {h) behind 
(Fig 122 IJ), In the wide-mouthed, circular discoid gastrula of the 
Hel.ichii, or primitive fishes, which spreads quite fiat on the large 
food-yolk, tho anterior semi-circle of the border of the disc is the 
ventral, and the posterior semi-circle the dorsal lip (Fig. 122 A)- 
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The amphiblastio Amphibia are directly connected \nth their earlier 
fish-ancestors, the Dipnensts and Ganoids, and further the oldest 
Selachii (Ccsiraczo?i) ; they have retained their total unequal segmen- 
tation, and their small primitive mouth (Eig. 122, C, a, b) is blocked 
up by the yolk-plug, lies at the limit of the dorsal and ventral surface 
of the embryo (at the aboral pole of its equatorial axis), and there 
again has an upper dorsal and a lower ventral lip (a, h). The 
formation of a large food-yolk followed again in the stem-forms of 



-b 




Pin 1-22 —Median longitudinal section of the gastpula of four Vertebrates. (From 
Buhl ) A diycoaastrula of a shark (BrtsHurus) B ami5hi«astrula of a sturgeon 
(AiciueuHpr) 0 amphigastrula of an amphibium irrifoii) I> epigastrula of an amniote 
(diagram) a vential, h dorsal lip of the primitive mouth. 


the Amniotes, the Protamniotes or Proreptilia, descended from the 
Amphibia (Pig. 122 D). But here the accumulation of the food-yolk 
took place only in the ventral wall of tlie primitive-gut, so that the 
narrow primitive moutli lying behind was forced upwards, and came 
to lie on the back of the discoid “ epigastrula ” in the shape of the 
“primitive groove”, thus (in contrast to the case of the Selachii, 
Pig. 122 A) the dorsal lip {h) had to be in front, and the ventral lip 
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(a) behind (Eig. 122 D). This feature was transmitted to all the 
Amniotes, whether they retained the large food-yolk (Eeptiles, Birds, 
and Monotremes), or lost it by atrophy (the viviparous Mammals). 

This phylogenetic explanation of gastmlation and coelomation 
and the comparative study of them in the various Vertebrates throw 
a clear and fuU light on many ontogenetic phenomena, as to which 
the most obscure and confused opinions were prevalent thirty years 
ago. In this we see especially the high scientific value of the 
biogenetic law and the careful separation of palingenetic from ceno- 
genetic processes. To the opponents of this law the real explanation 
of these remarkable phenomena is impossible. We have curious 
instances of this lack of a thorough grasp of the subject in Wilhelm 
His (of Leipzig) and Victor Hensen (of Kiel). Although these 
industrious observers have been devoted to the accurate description 
of ontogenetic facts for more than thirty years, they have completely 
failed to detect their phylogenetic causes. The same may be said 
of many new workers in the field of mechanical and experimental 
embryology. Of these Hans Driesch particularly deserves notice 
for the obscurity of his ideas and lack of a real grip of the biogenetic 
processes. In his violent antagonism to the theory of descent he 
goes as far as to say that all Darwinists have softening of the brain, 
and that Darwinism is only the illusion of a generation. Driesch 
has lately won a certain regard in uneducated circles by foolish 
expressions of this kind, and by his metaphysical speculations on 
Neo-vitalism. This, liowever, is chiefly grounded on tlie fact that 
no one can find any rational meaning in his extraordinary theories. 
Both these vitalistic vagaries and the supposed simple mochanical 
explanations that “ mechanical evolutionists ” give of historical 
processes are totally unsatisfactory (see p, 38). Here, and in every 
other part of embryology, the true key to the solution lies in 
phylogeny. 



TWELFTH TABLE 


SYNOPSIS OP THE COMPOSITION OP THE AMNIOTE- 
EMBEYO PROM THE PERMANENT BODY (MENOSOMA) 
AND TEMPORARY EMBRYONIC ORGANS 


Primary Constituents of the 
Amniote-embryo. 


Permanent body. 

Menosoma. 

The (small) part 
of the amniote- 
embryo (central 
part of the 
discogastrula) 
that develops 
into the 

permanent body. 


II. 

Embryonic 

organs. 

The (large) part 
of the amniote- 
einbrj'o that 
takes no part in 
the composition 
of the permanent 
body, but forms 
the tempoiary 
“ oxtra-ombryomc ” 
organs of the 
embryo. 


■Embryonal shield 

Embryaspis 

= embryonic 
spot 

{area embryonx- 
alis), 

or “ embryonic 
rudiment,” or 
“ first trace of 
the embryo.” 

( = Remak’s 
“ double shield ” 
and Baer’s 
shield.) 


II. A. 
Yolk-sac, 

Lecithoma 

{saccua vitel- 
hmts). 


IT. B 

Primitive urinary 
sac. 

Allantois 

( = urinary vesicle 
of the Amphibia) . 


IT C. 

Embrj'onic mem- 
branes 

Embryolemma 


Secondary 

Constituents. 


I. A. 

Dorsal body 
(=provertebral 
plates), 

Episoma 

=stem zone 
(dorsal shield) . 


I. B. 

Ventral body 
(= lateral plates). 
Hyposoma 
= parietal zone 
(ventral plates). 


n. A 1. 

Germinative 

area, 

or vascular area, 
n. A 2. 

Umbilical 

vesicle. 


II. B 1. 
Intrafoetal 
allantois, 
n. B 2. 
Extrafoe tal 
allantois. 


Tertiary 

Constituents. 


a. Cerebral vesicle 
and head-plates. 

b. Spinal marrow 
and proverte- 
bral plates. 

c. Chorda 
entoderm). 


a. Ventral plates 
(panetal lateral 
plates, somato- 
pleura). 

b. Visceral plates 
(visceral lateral 
plates, splanch- 

^ nopleura) . 


a. Light area 
{area pelhicida), 

b. Dark area 
{a7ea ojpaca). 

c. Yolk-area 
{area vitellina). 


a. Urinary bladder 
{vesica iitin- 
ana). 

b. Urinar\' duct 
(id aclnis). 

c. Placenta. 


II. C 1 . Amnion. 

Water membi.iiie 
(foetal sac) . 

II C2. 
Serolemma. 
Serous membrane 
coiiAorted into the 
chorion bA forma- 
tion oi villi. 
Chorion. 


I rC 1. Amniotic 
cavity 

J {amnioccelcnn) . 

I C 2. Serous cavity 
(sej'QCoelom) . 

I ( = Excoeloma or 

I interamniotic 
! cavity, or extra- 
foetal coelom). 
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CHAPTER Xm. 


DORSAL BODY AND VENTRAL BODY 

Development of the dorsal shield Primitive groove (primitive month) 

in the hind-half and medullary groove in the fore-half of the dorsal shield. 
Connection of the two median grooves by the medullary visceral duct or 
neurenterio canal. Neuroporus. The oval form of the embryonic disc 
changes into a sandal-shape. Difiereutiation of dorsal body (episonia or stem- 
zone) and ventral body (hyposotna or parietal zone). Separation of the two by 
the lateral furrow. Difiereutiation of provertebral plates and lateral plates. 
Transverse studies of thq sole-shaped amniote-embryo. Separation of the 
medullary tube from the hom-plate. Origin of the closed gastric tube from 
the flat gut-layer of the embryonal shield. Formation of the navel. Separa- 
tion of the mammal embryonal shield from the embryonic vesicle. Cutaneous 
navel and intestinal navel. Formation of the amnion, the allantois, and the 
umbilical vesicle. Similar construction of dorsal wall and ventral wall. Fore- 
gut cavity and pelvic-cavity. Mouth-pit and anus-pit. Pro-renal ducts. 
First blood-vessels. 

The earliest stages of the human embryo are, for the reasons already 
given, either quite unknown or only imperfectly known to us. But 
as the subsequent embryonic forms in man beliave and develop just 
as they do in all the other Mammals, there cannot be the slightest 
doubt that the preceding stages also are similar. We have been 
able to see in the ccolomula of the human embryo (Fig. lOO), by 
transverse sections through its in’inutive mouth, that its two coelom- 
pouches are developed m just the same Avay as in the rabbit 
(Fig. 99) ; moreover, the peculiar course of tlie gastrulation is just 
the same. 

The gerininative area forms in the human embryo in tlie same 
way as in the other Mammals, and in the axial middle part of this 
we liave the embryonal shield (enibri/aspif!), the purport of which we 
considered in the preceding Chaiiter. The next clianges of the 
enilnyonic disc, or the “ embryonic spot ” (area cvibri/onahs), take 
place in corresponding fashion. These are the changes we are now 
going to consider more closely. 

The chief part of the oval embryonal shield is at first the narrow 
liindor end , it is in the median line of this that the primitive streak 
appears (Fig, 124 p.s')- The narrow longitudinal groove or meridian 
furrow in it — the so-called “primitive groove” — is, as we have seen, 
248 
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the primitive mouth of the gastrula. In the gastmla-embryos of 
the Mammals, which are much modified cenogenetically, this cleft- 
shaped prostoma is lengthened so much that it soon traverses the 
whole of the hinder half of the dorsal shield ; as we find in a rabbit- 



■R-Tfi iM— Embryonic vesicle of a seven-days’ old rabbit vdth oval embryonic 

Vto. i<u Oval embryonal shield of the rabbit (Fit,'. 4 ot Hix dajs eif?hteen hours, 

n 5 ei«Mi?vB). tprom ^ primitive .tieak, i.; primitive groove, aru axea 

genuinalis, aw sickle-shaped terminal grovvth. 


embryo of six to eight days (Fig. 125 w). The two swollen paraUel 
borders that limit this median fuiTow are the kteral lips of the 
primitive mouth, right and left. In this way the bilateral, dipleurous, 
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or bilateral-symmetrical type of the Vertebrate becomes pronounced. 
The subsequent head of the Amniote is developed from the broader 
and rounder fore-half of the dorsal shield. 

In this fore-half of the dorsal shield a median furrow quickly 
makes its appearance (Eig. 125 rf). This is tlie broader dorsal 
furrow or medullary groove, the first structure of the central nervous 
system. The two parallel dorsal or medullary swellings that enclose 
it grow together over it afterwards, and form tlie medullary tube. 
As is seen in transverse sections, it is formed only of the outer 
germ-layer (Eigs. 139, 140). The lips of the primitive mouth, how- 
ever, lie, as we 
know, at the im- 
portant point where 
the outer layer 
bends over the in- 
ner, and from which 
the two coelom- 
pouches gi’ow be- 
tween tlio primary 
germ-layers. 

Tims the median 
primitive furrow 
{pi) in the hind-half 
and the median me- 
dullary furrow {rf) 
in tlio fore-half of 
the oval slhold are 
totally different 
structures, although 
the latter seems to 

Ftg ICT)— Dorsal shield (ar/) and srerminative area of suDOrflcial obser- 
a rabbit-embryo of oiMht daAH ^Vxom KnUihrr) * 

tivo gioovt*, ?/ doisai tuiTow. vor to bo merely 

the forward con- 
tinuation of the former. Hence they were formoilv always confused, 
and in the oldest and much-copied illustration of iho dorsal sliield of 
the rabbit which Bisclioff gave in 1842 (Fig. 120) one simple longi- 
tudinal furrow goes the w'hole length of the middle lino Tins error 
w'as the more pardonable as immediately afterw ards the tw'o grooves do 
actually connect in a very remarkable W’ay. The tw'o ]>ai-allcl dorsal 
sw'cllings, w’hich jiass into each other arch-wdse in front, diveu-gein the 
rear and oml)race tlie anterior end of the primitive groove (Fig 125). 
Tlic> then grow' together over it in such a w'ay that the primitive 
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groove (or the hindermost cavity of the primitive gut) passes directly 
into the closing medullary tube. The point of transition is the 



Pio. 126— Embryonic shield of a 
rabbit of eight days. (Prom Van Bme- 
den.) !pr primitive groove, en oaualis 
neurentericus, nle nodus neurentencus 
(or “Hensen’s knot"), kf head-process 
(chorda). 


remarkable neurenteric canal (Fig. 
127 C7t). The thickened mass at 
the border of the primitive mouth, 
which surrounds it, is the neuren- 
terie knot (or “ Hensen’s knot,” Fig. 
126 nk). The direct connection 
which is thus established between 
the two cavities of the primitive gut 
and the medullary tube does not last 
long; the two are soon definitely 
separated by a partition. 

The enigmatic canalis neurenter- 
icus is a very old embryonic organ, 
and of great phylogenetic interest, 
because it arises in the same way in 
all the Chordonia (both Tunicates 
and Vertebrates). In every case it 
touches or embraces like an arch the 
posterior end of the chorda, which 


has been developed here in front out 
of the middle line of the primitive gut (between the two ccslom-folds 
of the crescent-groove) (“ head-process,” Fig. 126 kf). These very 


ancient and strictly hereditary structmres, which have no physiologi- 


cal significance to- 
day, deserve (as “ ru- 
dimentary organs”) 
our closest attention. 
The tenacity with 
which the useless 
neurenteric canal has 
been transmitted 
down to man through 
the whole series of 



Vertebrates is of equal 
interest for the theory 
of descent in general, 


Pig 197.— Longitudinal section of the ccelomula of 
Amphloxus (from the left) i entoderui, d primitive gut, 
on medullary duct, « nerve-tube, Tti mesoderm, s flrst 
primitive segment, c ctelom-pouches (From HutscriekJ 


and the phylogeny of 


the Chordonia in particular. 

The connection which the canalis neurentericus (Fig. 127 C7i) 
establishes between the dorsal nerve-tube ( 71 ) and the ventral gut- 
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tube id) is seen very plainly in the Amphioxus in a longitudinal 
section of the cceloniula, as soon as the primitive mouth is completely 
closed at its hinder end. The medullary tube has still at this stage 
an opening at the forward end, the neuroporus (Fig. 86 np). This 

opening also is afterwards 
closed. There are then two 
completely closed canals over 
each other — the medullary 
tube above and the alimen- 
tary tube below, the two being 
separated by the chorda. 
The same features as in the 
Acrania are exhibited by the 
related Tunicates, the Aseidise 
(Plate XVIII., Figs. 5, 6). 

Again, we find the neuren- 
teric canal in ]ust the same 
form and situation in the 
Amphibia. A. longitudinal 
section of a young tadpole (Fig. 128) shows liow we may penetrate 
from the still open primitive mouth (jl) either into tiie wide primi- 
tive gut-cavity (al) or the narrow overlying nerve- tube. A little 
later, when the primitive mouth is closed, the narrow neurenterio 
canal (Fig. 129 ne) represents the arched connection between the 
dorsal medullary 
canal (me) and the 
ventral gastric canal. 

In the Amniotes 
tliis original curved 
form of the neuren- 
teric canal cannot be 
found at first, because 
iiere the primitive 
mouth travels com- 
pletely over to tlie 
dorsal surface of the 
gastrula, and is con- 
verted into the longi- 
tudinal furrow we call the primitive gi-oove. Hence the primi- 
tive groove (Fig. 131 examined from above, appears to be 
in the straight continuation of the fore-lying and younger medul- 
lary furrow (iiLc). Tlie divergent hind legs of the latter embrace 



Fig 120.— Longitudinal section of a Frog-embryo. 
(From Oocttc.) in iiutiith, ( hvoi, gh anus, /jr canaliH ueu- 
reutericuH, me modullaij tulio, i;// i)iut‘al gland (fjnphijhisit 
ch ohorda. 



Fig. 128. — Longitudinal section of the 
chordula of a Frog. (From Balfour.) ne 
nerve-tube, x canalis neurentei'icus, al alunen- 
tory eanal, i/fc 5 olk-oells, m mesoderm. 
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the anterior end of the former. Afterwards we have the complete 
closing of the primitive mouth, the dorsal swellings joining to form 
the medullary tube and growing over the prostoma. The canalis 
neurentericus then leads directly, in the shape of a narrow arch- 



Fig. 130. 


Pigs 130 and 131.— Dorsal shield 
of the chick. (Fvom Baljour) The 
medullary furro-w i.me), which is not 
yet visible m Fn,'. 130, encloses with 
its hmder end the fore end of the 
primitive groove (p >0 m Pig 131. 

Fig. 131. 


eem 






Fig. 132— Longitudinal section of the hinder end of a chick. (From Balfour.) 
(.)) inedullarv tube, connected with the teiiiiinal gut (proy) by the neuionteric canal (/le), 
ch churdd, pr neurentenc (or Hendon’s) knot, ul allantois, ei) ectodcim, hu entodeiui, 
40 parietal lajor, sp visceral las or, an anub-pit, am amnion. 


shaped tube (Big. 182 7id), from the medullary tube (sp) to the 
alimentary tube {ikkj). Directly in front of it is the latter end of the 
chorda (ch). 

While these important processes are taking place in the axial 
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part of the dorsal shield, its external form also is changing. The 
oval form (Eig. 120) becomes, like the sole of a shoe or sandal, lyre- 
shaped or finger-biscuit shaped (Fig. 133). The middle third does 
not grow in width as quickly as the posterior, and still less than the 
anterior third ; thus the shape of the permanent body becomes 
somewhat narrow at the waist. At the same time the oval form of 
the germinative area returns to a circular shape, and the inner 
pellucid area separates more clearly from the opaque outer area 
(Fig. 134 a). The completion of the circle in the area marks the 
limit of the formation of blood-vessels in the mesoderm. 

The characteristic sandal-shape of the dorsal shield, which is 
determined by the narrowness of the middle part, and which is 

comiiared to a violin, lyre, 

! or slioe-sole, persists for a 
long time in all the Amni- 
otes. All Mammals, Birds, 
and Reptiles have substan- 
tially the same construction 
at this stage, and even for 
a longer or shorter period 
after the division of the 
primitive segments into the 
caloin-folds luis begun (Fig. 
135). The human embry- 
onal shield assumes the 
sandal- form in the second 
week of development ; to- 

Fio 133 —Germinal area or grerminal disc of W'ards the end of the W’eek 

the rabbit with sole-shaped embryonal shield, . , , , i 

iiiafiniliert about ton times The clear circular OUl* SOlO-snapOtl omliryO liaS 
fleUi (d) IS the ouacino area The pellucul ai ea (<•) , K 

is hro-sha])o<l, like the emI)i\onal shield itsell (hi ibllgLll Ol ai)OUl One 11116 

In its a\is is seeiithedoisiil tiiiiow oi incdiillaiv 1 

huiow(u). mom JSuchoff ) two millinu'liesU' ig- ioo;. 

(Cf. Plates iV. and V.) 

Tlie complete bilateral symmetry of tiie Vertebrate body is very 
early indicated in the oval form of tlio embryonal shield (Fig. 120) 
by the median primitive streak ; in the sandal- form it is even more 
])ronounced (Figs. 134-138). Tho axial organs of tlio middle plane 
(the primitive streak behind, the medullary tube in front, and the 
cliorda underneath) are still more clearly dilTorentiatod in the solc- 
siiajicd embryonal shield, and so aro the lateral oi-gaiis that develop 



symmetrically to tho right and left of them. In these lateral organs 
of the oml)ryonal sliicld a darker central and a lighter peripheral 
zone liccomo more obvious ; the former is called tho stem-zone 
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Fig. Isi.—Embryo of the Opos- 
sum, sixty hours old, four mm in 
diameter. (Prom Selenlia.) k the 
globular embrj'onio vesicle, a the 
round germmative area, h limit of 
the ventral plates, r dorsal shield, v 
its fore part, w the first primitive seg- 
ment, ch chorda, clir its fore-end, 
2 )r primitive groove (or mouth). 


Fig. 136 -Sandal-shaped em- 
bryonal shield of a rabbit of 
eigrht days, with the fore part of 
the germmative area (ao opaque, ap 
pellucid area). (Piom Kdhker.) rf 
dorsal furrow, m the middle of the 
medullaiT iilate, 7?, pr primitive 
groove (mouth), atz dorsal (stem) 
zone, vz ^ entral (jianetal) zone In 
the nan-ow middle part the first 
three primitive segments may he 
seen. 


Bho 1375 —Human embryo at 
the sandal-stage, two mm long, 
iroui the end of the second week, 
magmhod twenty-five times. (From 
Cfjunt Si>ee.) 
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(Fig. 137 sts), and the latter the parietal zone [pz) ; from the first 
we get the dorsal and from the second the ventral half of the body- 
wall. 

The stem-zone of the amniote embryo would be called more 
appropriately the dorsal zone or dorsal shield ; from it develops the 
whole of the dorsal half of the later body (or permanent body) — that 
is to say, the dorsal body {episojua). Again, it would be better to 





Fig 137. — Sandal-shaped embryonal 
shield of a rabbit of nine days. (From 
KblUkcr ) (Back view from above > .s/i 
atem-ssono or doraal shield (with ei«ht pans 
of piiimtive sogmentHl.iJS paiietal oi vuiitral 
zone, ill) pcllncid area, at aumion-told, h 
heart, ult i)oncaidial caviti, co omphalo- 
luesontorio vein, <tl> oye-veHiclcH, vh lore- 
brain, inh iiiuldlo biaiii, Itli hind brain, uiv 
primitive bot^monts (or vortobiio). 


call the “parietal zone” the 
ventral zone or ventral shield; 
from it develop the ventral 
“lateral plates,” which after- 
wards separate from the embry- 
onic vesicle and form the ventral 
body {hyposoma ) — that is to say, 
the ventral half of the perma- 
nent body, together with the 
body-cavity and the gastric canal 
that it encloses. 

The sole- shaped germinal 
shields of all the Amniotes are 
still, at tlie stage of construction 
which Fig. 137 illustrates in the 
rabbit and Fig. 138 in the opos- 
sum, so like each other that we 
can either not distinguish them 
at all or only by means of quite 
subordinate peculiarities in the 
size of the various parts. More- 
over, tliG human sandal-shaped 
embryo cannot at tliis stage be 
(listinguislied from tliosoof other 
Mammals, and it j)articularly 
resemldes that of the val)hit. I 
have given on Elates IV. and 
V. the sandal-shaped embryos 
of six different Amniotes for 
the purpose of comparison, and 


Jiavo reduced tliem to the same size; all of tlioin are higldy magni- 
fied. Plate IV. shows the sandal-shaped embryonal shield (at three 
stages of development) of three of the Sauropsids : E lizard {Lacerta), 
0 tortoise (Ohclonba), II hen (CkiUiis). Plate V. gives tlio embiyos 
of three Mammals : S pig (Sun), K rabbit (Lcpiin), M man (Homo). 



SANDAL-SHAPED EMBRYOS OF SAOROPSIDA. 

The Evolution of Man V. Ed pi jy 




SANDAL-SHAPED EMBRYOS OF MAMMALS. 

The Evolution of Man V, Ed 


< \ * 

■ ■ I 

SI K I 



M 1 



( 1. > 


'■ ' 



SHI 


C,'i 



KIU 




S Pig (Siis) 


K Hare (Lepus) 


M Man (Homo) 





DOESAL BODY AND VENTEAL BODY 257 

On the other hand, the outer form of these flat sandal-shaped 
embryos is very different from the corresponding form of the holo- 
blastic lower' animals, especially the Aerania (Amphioxus). Never- 
theless, the body is just the same in the essential features of its 
structure as that we find in the chordula of the latter (Figs. 86-89), 



Fio 138 -Sandal-shaped embryonal shield of an Opossum (DtdelDhVR), three days 
old (From Seicnka ) (Back view trom above.) sts stem-zone or dorsal shield (with eight 
pairs ot primitive segments), 31 Z parietal or ventral zone, ap pellucid area, no opaque area, 
hJi halves of the heait, v fore-end, h hind-end In the median line we see the chorda (cji) 
through the transparent medullary tube, u primitive segment, pr primitive streak (or 
primitive mouth). 

and in the segmented embryonic forms which immediately develop 
from it. The striking external difference is here again due to the 
fact that in the palingenetic embryos of the Amphioxus (Figs. 86, 87) 

S 
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and the Amphibia (Figs. 88, 89) the gut-wall and body-wall form 
closed tubes from the first, whereas in the cenogenetic embryos 
of the Amniotes they are forced to exi)and leaf- wise on the surface 
owing to the great extension of the food-yolk. 

It is all the more notable that the early separation of dorsal and 
ventral halves takes place in the same rigidly hereditary fashion in 
all the Vertebrates. In both the Acrania and the Craniota the dorsal 
body is about this peiiod separated from the ventral body. In the 
middle part of the body this division has already taken place by the 
construction of the axial chorda between the dorsal nerve-tube and 
the ventral canal. But in the outer or lateral part of the body it is 
only brought about by the division of the coclom-pouches into two 
sections by a frontal constriction — a dorsal epiaomite (dorsal segment 
or provertebra) and a ventral huposomite (or ventral segment). In 
the Amphioxus each of the former makes a muscular pouch, and 
each of the latter a sex-pouch or gonad. (Cf. tlie transverse section 
of the Vertebrate, Figs. 104, 106, and Figs. 3-7 on Plate VI.) 

These important processes of differentiation in the mesoderm, 
which we will consider more closely in the next Chapter, proceed 
step by step with interesting cliangos in tho ectoderm, while the 
entoderm changes little at first. Wo can study those processes 
best in transverse sections, made vertically to the surface through 
the sole-shaped embryonal shiold. Sucli a transverse section of a 
chick-embiyo, at the end of tho first day of incubation, shows the 
gut-gland-layer as a very simple opitliclium, wliich is spread like a 
leaf over the outer surface of the food-yolk (Fig. 139 dtl). The 
chorda {ch) has separated from the dorsal middle line of the 
entoderm; to the right and left of it are the two lialves of the 
mesoderm, or the two calom-folds. A narrow cleft m tlie latter 
indicates tho body-cavity {uu'h ) , this sojiarates the two jdates of the 
coclom-pouches, the lower (visceral) and ui)per (pai-ietal). The broad 
dorsal furrow {Ilf) foimed by tlio medullary ])lat(' {ni) is still wide 
open, but is divided from tho lateral horn-plate (//) by tlie parallel 
medullary swellings 

As the medullary s\vellings rise and l)en(l towai'ds each other 
(Fig. 140 III), one of these parallel longitiulinal furi'uws, the lateral 
furrow {sulcus lateralis), is formed m tho meKoderm on each side. 
In this lateral furrow w'e find at fii-st the prorenal duct (Fig. 141 iing). 
As tlie lateral furrow cuts completely through the middle layer, this 
falls into tw'o sections: the inner or middle jiart (//) is the primitive- 
segnu'nt piece, w'hich forms the greater part of the stein-ijone, and 
aftei-wai*ils divides hy segmentation into the chain of somites (in 
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Eigs. 137 and 138 with eight pairs of somites already). The outer 
or lateral section is the lateral plate (Fig. 140 sp) ; when we look at 
it from above it appears as the parietal zone, and afterwards divides 
into the two fibrous layers. In the fore half of the embryonal 
shield, which corresponds to the later head, there is no separation 
between the inner provertebral mass and the outer lateral plates. 
The median innermost part of the lateral plates, which touches the 
primitive-segment piece or provertebral plate, is called the middle 
plate (Fig. 141 nip). Underneath it we find the fihst two blood- 
vessels, the primitive aortas {ao). 

During these processes important changes are taking place in the 
outer germ-layer (the “ skin- sense-layer ”). The continued rise and 



Fia 139 —Transverse section of the embryonal shield of a chick, at the end of the 
first day of incubation. (From KolUker ) h hom*plate, m meduUary plate, forming the 
dorsal furrow (iJ/), ch 6hord&,uwh ccelom-cleft, mop dorsal part of the mesoderm, $p 
ventral part (lateral plates), dd gut-gland-layer. 



Fig. 140.— Transverse section of the embryonic dl,jc of a chick, at the end of the 
first dav of incubation, a little more advanced than Fig. 139, magnified about twenty 
times The edges of the medullary plate (to), the medullary sweUings (w), which separate 
the medullary from the hom-plate (h), aie bendmg towsurds each other. At each side of 
the chorda (ch) the primitive-segment plates (u) have separated from the lateral plates 
(sp). (From Remak.) 

growth of the dorsal swellings causes their higher parts to bend 
together at their free borders, approach nearer and nearer (Fig. 
140 lu), and finally unite. Thus in the end we get from the open 
dorsal furrow, the upper cleft of which becomes narrower and 
narrower, a closed cylindrical tube (Fig. 141 7nr). This tube is of 
the utmost importance ; it is the first rudiment of the central nervous 
system, the brain and spinal marrow, the medullary tube {tubus 
'medidlans). This ontogenetic fact w’as formerly looked upon as 
very mysterious. We shall see presently that in the light of the 
theory of descent it is a thoroughly natural process. The phylo- 
genetic explanation of it is that the central nervous system is the 
organ by means of which all intercourse with the outer world, aU 
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psychic action and sense-perception, are accomplished ; hence it was 
bound to develop originally from the outer and upper surface of the 
body, or from the epidermis. The medullary tube afterwards 
separates completely from tlie outer gorm-Iayer, and is suirounded 
by the middle parts of the provertebruj and forced inwards (Fig. 151). 
The remaining portion of the skin-senso-layer (Fig. 141 h) is now 
called the horn-plate or horn-layer, because from it is developed the 
whole of the outer skin or epidermis, with all its horny appendages 
(nails, hair, etc.). (Of. Plates VI. and VII. and the explanation.) 

A totally different organ, the prorenal (primitive-kidney) dud 
(ung), is found to be developed at an early stage from the ectoderm. 
This is originally a quite simple, tube-shaped, lengthy duct, or 
straight canal, which runs from front to rear at each side of the 
provertebrsB (on the outer side, Fig. 141 ung). It originates, it 
seems, out of the horn-plate at the side of tlie medullary tube, in 
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Fio 141 ,— Transverse section of the embryonal shield (of a chick, on the second day 
of incubation), inaKninod about om* hunchod times (Fiom KnlUhvr.) It hni n-plate, nir 
medullarj' tube, iiiiti inorenal duct, uw iivimitue segments, ji/j/ hkiu-lilire-Iavei, mi> middle 
ylato, df gut-ftbie-lavei, up ccnlom-tolds, a<i piiuutise aoitn, Ud Kut-f,'hiiid-la\oi 


the gap that we find between tlie iirovertebral and tlie lateral plates. 
The prorenal duct is visible in this gap oven at the time of the 
severance of tlie medullary tube Irum the liorn-iilato. Other 
observers think tliat ilio first trace of it does not come from the 
skin-sense-layer, but the skin-fihre-la>er. 

The inner germ-layer, or the gut-fihre-laver (Fig. 141 df), 
remains unchanged during these processes. A little latter, however, 
it shows a quite flat, groovo-like deiiressioii in tlie middle line of the 
embryonal shield, directly umlor the chorda. Tliis dejiression is 
called the alimentary groove or fin row This at once indicates the 
futuie lot oi tins germ-layer As this ventral groove gradually 
(lot'[)ons, and its lower edges bend towards each other, it is formed 
into a closed tube, the uhmvnlnnj cantil, in the same way as the 
ni(‘d unary groovi? grcjws into the medullary tiihe. The giit-fibre- 
la.Nor (Fig 142 f), which lies on the gut-gland-la>er (d), naturaUy 
follows it in its folding. Moreover, the incipient gut-wall consists 
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from the first of two layers, internally the gut-gland-layer and 
externally the gut -fibre-layer. 

The formation of the alimentary canal resembles that of the 
medullary tube to this extent — in both cases a straight groove or 
furrow arises first of all in the middle line of a flat layer. The 
edges of this furrow then bend towards each other, and join to form 
a tube (Fig. 142). But the two processes are really very different. 
The medullary tube closes in its whole length, and forms a cylin- 
drical tube, whereas the alimentary canal remains open in the 
middle, and its cavity continues for a long time in connection 
with the cavity of the embryonic vesicle. The open connec- 
tion between the two cavities is only closed at a very late stage, the 



Fig 142 —Three diagrammatlo transverse sections of the embryonic disc of the 
lughorjVortobrate, to Hhow the origin of the tubular organn from the bending geinn-laiers. 
Ill Fig .1 the medullary tube («) and the alimentary canal (a) are still open giooves. In 
Fig the medullary tube («) and the dorsal wall ai-e closed, but the alimentary canal (a) 
and the ventral wall are closed, the prorenal ducts (m) are cut off from the hom-plate (h) 
and internallv connected with segmental prorenal canals In Fig C both the medullary 
tu bo and the doisal wall above and the alimentary canal and \ entral wall below are closed. 
All the oi)on grooves have become closed tubes; the primitive kidnevs are du'ected 
inwards. The figures have the same meaning in all three figures h skin-sen&e-layer, n 
modullnrv tube, u prorenal ducts, x axial rod, s piimitive-verte)n*a. 7 dorsal wall, I ventral 
wall, c body-cavitv, or coeloma, / gut-hbre-layer, t primitive arteiT (aoita), v primitive 
vein (hubiutestiual vein), <l gut-gland-layer, a alimentary’ canal ICf Plates VI and VIJ ) 

construction of the navel. The closing of the medullary tube is 
effected from both sides, the edges of the groove joining together 
from right and left. But the closing of the alimentary canal is not 
only effected from right and left, but also from front and rear, the 
edges of the ventral groove growing together from every side towards 
the navel. Throughout the three higher classes of Vertebrates the 
whole of this process of the secondary construction of the alimentaiy 
canal is closely connected with the formation of the navel, or with 
the separation of the embryo from the yolk-sac or umbilical vesicle, 
(Of. Fig. 108, and Plate VII., Figs. 14, 15.) 


/ ^ 
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FictS. 14 ;M 47 — Five diagrammatic longitudinal sections of the developing 
mammal embryo and its envelopes. In Ki«s in iKi tin- section paHhsa 

thioiigh the middU’ plam* ot tlu* hoch , (li\ Klinji thr rijilit hikI Ictt linl\cs, m Kiji 147 the 
enibrvo in Hoon tioni tlu‘ lolt side In Fig 1 1.1 tin* tntti'd pmchoi ion i</d’) oiu-lost's the 
einbrvomcj vesicle, the wall ot \\hu*h consists ot the two pinniuN Iiimms 15eti\c‘on the 
outer (fd and inner ( 1 ) layer the nnddlu lavei li/i) lias been de\eloped in tlie legion of the 
goinnnative aiea In Fig 144 the einbr>ci (e) begins to se)mi.de troin tlie embryonic 
\esielo (i/n), i\hilo the wall ot the amnion-lold ris<*s about it un tioiit ns heail-sheath, ka, 
behind an tail-slieath, a«). In Fig 1 l.'i tlie edges ot the uinniot .e told (nm ) rise togi'ther over 
the back ot the enlbl^o, and tonii the aimiiotie eu\ iti (fWd , as the enibrio serial a tes more 
eomiiletelv tiom the embivoiiic vesicle (r/s) the alinn'iitaiw eanal ii/dl is tormed, troni the 
hinder end of which the allantois grows (ff/) In Fig. 1 l(i the iilliinlois is larger; the yolk- 
sac id v) smallei 111 Fig 1 47 the einlilio shows the gill-elelts and the outline of the two 
l(>gs , the thorion has foimed liraiiching \illi (tufts) In all fom figmes c embrvo, o 
outei gcrm-laiei, in middle geim-lajci, i inner germ-la\er, niti amnion (hs head-sheath, 
S', t.iil-sheatli), nh ammotie ca\itv, o a aimnotie sheath ot the mnlnlieal eord./Ji embiyonic 
\esiele, (/,s ^olk-sae (umliilieal vesicle), df/ vitelline duet, d / giit-flbie-laiei , dd gnt-gland- 
laiei, III allantoiH, I’l h/i idaee ot heart, d Mtellinc niembrane (oioh'mma or t»ocliorion), 
d' tiitts oi Mill of same,*/) seious membrane (serolemma), a;; tntts ot same, r/i chorion, 
rUz tntts ot Mill, Ht toiminal vein, > periccBlom or Heroeirlom (the stiaee, tilled with fluid, 
between tlie amnion and chorion) (From Knihker.) (Cf. Plate VI I , Figs 1 1 and l.> ) 

‘ 20*2 
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In order to get a clear idea of this, we must understand carefully 
the relation of the embryonal shield to the germinative area and the 
embryonic vesicle. This is done best by a comparison of the five 
stages which are shown in longitudinal section in Figs. 143-147. 
The embryonal shield (c), which at first projects very slightly over 
the surface of the germinative area, soon begins to rise higher above 
it, and to separate from the embryonic vesicle. At this point the 
embryonal shield, looked at from the dorsal surface, shows still 
the original simple sandal-shape (Figs. 135-138). We do not yet 
see any trace of articulation into head, neck, trunk, etc., or limbs. 
But the embryonal shield has increased greatly in thickness, 
especially in the anterior part. It now has the appearance of a 
thick, oval swelling, strongly curved over the surface of the germina- 
tive area. It begins to sever completely from the embryonic vesicle, 
with which it is connected at the ventral surface. As this severance 
proceeds, the back bends more and more ; in proportion as the 
embryo grows the embryonic vesicle decreases, and at last it merely 
hangs as a small vesicle from the belly of the embryo (Fig. 147 ds). 
In consequence of the growth-movements which cause this severance, 
a groove-shaped depression is formed at the surface of the vesicle, 
the hmittng furrow, which surrounds the vesicle in the shape of a 
pit, and a circular mound or dam (Fig. 144 Ics) is formed at the 
outside of this pit by the elevation of the contiguous parts of the 
embryonic vesicle. 

In order to understand clearly this important process, we may 
compare the embryo to a fortress with its surroimding rampart and 
trench. The ditch consists of the outer part of the germinative area, 
and comes to an end at the point where the area passes into the 
vesicle. Tlie important fold of the middle germ-layer that brings 
about the formation of the body-cavity proceeds peripherally beyond 
the borders of the embryo over the whole germinative area. At first 
this middle layer reaches as far as the germinative area ; the whole 
of the rest of the embryonic vesicle consists in the beginning only of 
the two original limiting layers, the outer and inner germ-layers. 
Hence, as far as the germinative area extends the germ-layer splits 
into the two plates we have already recognised in it, the outer skin- 
fibre-layer and the inner gut-fibre-layer. These two plates diverge 
considerably, a clear fluid gathering between them (Fig. 145 am). 
The inner plate, the gut-fibre-layer, remains on the inner layer of 
the embryonic vesicle (on the gut-gland-layer). The outer plate, the 
skin-fibre-layer, lies close on the outer layer of the germinative area, 
or the skin-sense-layer, and separates together with this from the 
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embryonic vesicle. From these two united outer plates is formed a 
continuous membrane. This is the circular mound that rises higher 
and higher round the whole embryo, and at last joins above it 
(Figs. 144-147 ai)}). To return to our illustration of the fortress, 
we must imagine the circular rampart to l^e extraordinarily high and 
towering far above the fortress. Its edges bend over like the combs 
of an overhanging wall of rock that would enclose the fortress ; they 
form a deep hollow, and at last join together above. In the end the 
fortress lies entirely within the hollow that has been formed by the 
growth of the edges of this large rampart. (Cf. Figs. 148-162 and 
Plate VII., Fig. 14.) 

As the two outer layers of the germinative area thus rise in a 
fold about the embryo, and join above it, they come at last to form 
a spacious sac-like membrane about it. This envelope takes the 
name of the germinal membrane, or water-membrane, or amnion 
(Fig. 147 ani). The embryo floats in a watery fluid, wliicli fills the 
space between the embryo and the amnion, and is called the amniotic 
fluid (Figs. 146, 147 ah). Wo will deal with the significance of this 
remarkable formation later on (Chapter XV.). For tlie moment it 
does not interest us, as it has no direct relation to the constniction 
of the body. 

Among the various appendages ^^llicll we shall have to discuss 
later w’e will only mention, in jiassing, tlio alUintoiH and ilie yolk-sac. 
The allantois, or tlio urinary sac (Figs. 146, 146 (//), is a pear-shaped 
vesicle that grows from the himk'rmost part of the alimentary canal ; 
its outermost sociion forms, witli its ve.ssels, tlu' foundation of the 
placenta In front of the allantois the >olk-sae or umbilical vesicle 
{(h), the K'lnaiuder of the original emhrNonic \esicle, starts from the 
open belly of the embryo (Fig ]4;i hh) In more adMineed embryos, 
in wdiich the gastric wall and tlu' \enlral wall are iu'arl> closed, it 
hangs out of the navel-o])enmg in the shapi' of a small vesicle with 
a stalk (Figs 146, 147, (l'>) Its wall consists of two layi'rs, the gut- 
gland-layer within and tlio gut-til)re-la>er without, llemce it is a 
vesicular appendage of the alimentarv canal jiroper, an cinhryonic 
“ gastric gland.” The more the emhiwo grows, the smaller liecomes 
the vitelline (yolk) sac or hedhoma. At first tlu’ embryo looks like 
a small ajiiiciidago of the large embryonic vesicle Afterw'ards it is 
the yolk-sac, or the remainder of the embi yonic vesicde, that seems 
a small pouch-like api>endage of the emliryo (Fig 147 ^/.v). It ceases 
to have any significance in the end. The very wide opemmg, through 
which tlio gastric cavity at first communicates with tlie umbilical 
vesicle, hecomos narrower and narrower, and at last disappears 
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altogether. The naml, the small pit-like depression that we find in 
the developed man in the middle of the abdominal wall, is the spot 
at which the remainder of the embryonic vesicle (the umbilical 
vesicle) originally entered into the ventral cavity, and joined on to 
the growing gut. (Of. Figs. 14 and 15 on Plate VII.) 

The origin of the navel coincides with the complete closing of the 
external ventral wall. In the Amniotes the ventral wall originates 
in the same way as the dorsal wall. Both are formed substantially 
from the skin-fibre-layer, and externally covered with the hom-plate, 
the peripheral section of the skin-sense-layer. Both come into 
existence by the conversion of the four flat germ-layers of the 
embryonic shield into a double tube by folding from opposite 
directions ; above, at the back, we have the vertebral canal which 
encloses the medullary tube, and below, at the belly, the wall of the 
body-cavity which contains the alimentary canal (Fig. 142). 

We will consider the formation of the dorsal wall first and that 
of the ventral wall afterwards (Figs. 148-152). In the middle of the 
dorsal surface of the embryo there is originally, as we already know, 
the medullary {mr) tube directly underneath the horn-plate W) from 
the middle part of which it has been developed. Later, however, the 
provertebral plates {uw) grow over from the right and left between 
these originally connected parts (Figs. 150, 151). The upper and 
inner edges of the two provertebral plates push between the hom- 
plate and medullary tube, force them away from each other, and 
finally join between them in a seam that corresponds to the middle 
line of the back. The coalescence of these two dorsal plates and the 
closing in the middle of the dorsal wall take place in the same way 
as the medullary tube, which is henceforth enclosed by the vertebral 
tube. Thus is formed the dorsal wall, and the medullary tube takes 
up a position inside the body. In the same way the provertebral 
mass grows afterwards round the chorda, and forms the vertebral 
column Below this the inner and outer edge of the provertebral 
plate splits on each side into two horizontal plates, of which the 
upper pushes between the chorda and medullary tube and the lower 
between the chorda and gastric tube. As the plates meet from both 
sides above and below the chorda, they completely enclose it, and so 
form the tubular, outer chord-sheath, the skeleton-foraiing sheath 
from which the vertebral column is formed (pr; icliorcla, Fig. 142 6', s ; 
Figs. 150 wh, 151). (Of. Figs 3-8 on Plate VI. and the following 
Chapters ) 

We find below in the construction of the ventral wah precisely 
the same processes as in the formation of the dorsal wall (Fig. 
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PIG. 148. 



FIOH 14 . 8 -r>l 


1 * 7 - 1 ... -Transverse sections tiftb day of inonbation. 

Pifl lifl 0 * the third, Fik ISO ot the tonrth, ir,l fioiii Rmcih iiitWinfled 

Piss 14^^-150 troiu KdlWkrr, lua^mfted ‘’'V’.o.inllarv tube, umi rim'ozml duct, an proronal 
about Uentv tiuieP h honi-i)lR.lo, >« i' iii linnTrtobr plate ( wh cutaneous 

vLiel^X^^-hbiedaver vertebra, wd the lih or 

^udbiwut of the body ot the vevtelna. ' ' «lf'“,,‘'atL iodorcbor(l, *77 chonhvsheath, 
fcSvmecoutniuation). ino7i I'^vertcbial . t ft ^ ainiuotic told, V bodv- 

7 S.L 1 fT.ai wall «hin<l and utoreroot ot thesinnal ‘ , ,«(.o,idH.rv aorta, I’c cardinal 

Pfl vitv or erelomti iV Kiit-fibie-layer, «» in-iuntivo «w , laihor pai't ot the riKht 

(Jtthovolk-aacov 

““ ■' 

Ml. smtjoos m HM8 VI.. F1S» M ' 


Yifi- UH ot the Hoennd, 


the «ama way aa the gut itself closes The outav 
kterel plates forms the venteoi wall or the lower wall ol ' “r- 
the two lateral plates bending considerably on the inner Bid 
Sc fold, and growing towards each other from right and left. 
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While the alimentary canal is closing, the body-waU also closes on 
all sides. Hence the ventral wall, which embraces the whole 
ventral cavity belo'W, consists of two parts, two lateral plates that 
bend towards each other. These approach each other all along, 
and at last meet at the navel. We ought, therefore, really to 
distinguish two navels, an inner and an outer one. The internal 
or intestinal navel is the definitive point of the closing of the 
alimentary wall, which puts an end to the open communication 
between the ventral cavity and the cavity of the yolk-sac (Fig. 108). 
The external or cutaneous navel is the definitive point of the 
closing of the ventral wall ; this is visible in the developed body 



Fi(i i.j'2— Median longitudinal section of the embryo of a cluck (fifth dnv of 
incubatKnil, seen fioiii the nylit mcIc (head to the ri^ht, tail to the left) Dorsal body 
(rjjifionifi) daik, with coii\<>\ outlxnf, d x'nt, o mouth, a anus, I ?t li\oi, u mesentery 

V amide of the heart, /. \oiitiide of the lieait, h arch of the aiteiies, i aorta, c jolk-sac! 

vitelline (i oik) duct, u allantois. / nedicle (stalk) of the allantois, n amnion, w amuiotic 
ca\it> faiimioc(el), t> serous inemhiaue (Fioiii lioer ) 


as a small depression. In each case two secondary germ-layers 
take iiart in the coalescence — in the gut-wall, the gut-gland-la> el- 
and gut-fibre-layer; in the ventral wall, the skm-filire-layer and 
skin -sense-layer 

Witli the formation of the internal navel and the closing of tlio 
ahnientai-y canal is connected the formation of two cavities winch 
we call the capital and the ijelvic sections of the visceral cavity. 
As the einhr\onal shield lies flat on the wall of the embryonic 
vesicle at first, and only gradually separates from it, its fore and 
liintl ends are independent in the beginning , on the other hand, 
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the middle part of the ventral surface is connected ■with the yolk-sac 
by means of the vitelline or umbilical duct (Big. 152 «i). This 
leads to a notable curving of the dorsal sm’face ; the head-end 
bends downwards towai’ds the breast and the tail-end towards the 
belly. We see this very clearly in the excellent old diagrammatic 
illustration given by Baer (Fig. 152), a median longitudinal section 
of the embryo of the chick, in which the dorsal body or episoma is 
deeply shaded. The embryo seems to be trying to roll up, like a 
hedgehog protecting itself from its 


pursuers. This pronounced curve of 
the back is due to the more rapid 
growth of the convex dorsal surface, 
and is directly connected with the 
severance of the embryo from the 
yolk-sac. At the head there is no 
division of skin-fibre-layer from gut- 
fibre-layer, as there is in the trunk, 
but the two remain joined, and are 
called the “ head-plates.” As these 
head-plates release themselves at an 
early stage from the surface of the 
germinative area, and grow, first 
downwards towards the surface of 
the embryonic vesicle and then back- 
wards towards its passage into the 
alimentary groove, a small cavity is 
formed within the head-part — this 
represents the foremost and blindly 
closed pait of the gut. It is the 
small “ head-cavity of the gut ” (Fig. 
153, above d ) ; its opening in the 
middle gut is called the “anterior 
entrance of the gut ” (Fig. 153 at d). 
It corresponds to the branclhal gut of 
tlie Amphioxus, which nearly occu- 
pies the fore Inilf of the body The 
tail-end bends forward to the ventral 



Fig 153 — Longrltudinal section of 
the fore half of chick-embiyo at 
the oml of the first day of incubation 
(seen from the left side) fc bead- 
lilatcH, cli chorda Above it is the 
blind torcH'ud of the vential tube (m ) ; 
below it the hcad-ea\itv ot the But 
il But-Klaiid-la\oi, dt Biit-hbro-laver, 
h lioin-iilate, hU cAVlt^ of the heart, 
7iA heart capsule. As liead-shoalh, A’A 
liead-caphiile (Fiom ) 


side in just the same way; this causes the ventral wall to enclose a 


similar small cavity, tho pelvic cavity of tlie gut, the hind end of 
whicli is closed. Its oiioning in the middle gut is called the 


“ posterior entrance of tho gut.” 


As a result of these processes the embryo attains a shape that 
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may be compared to a wooden shoe, or, better still, to an over- 
turned canoe. Imagine a canoe or boat with both ends rounded and 
a small covering before and behind ; if this canoe is turned upside 
down, so that the curved keel is uppermost, we have a fair picture 
of the canoe-shaped embryo (Fig. 152). The upturned convex keel 
corresponds to the middle line of the back; the small chamber 
underneath the fore-deck represents the head-cavity, and the small 
chamber under the rear-deck the pelvic chamber of the gut (cf. 
Fig. 145). 

The embryo now, as it were, presses into the outer smrfaoe of 
the embryonic vesicle with its free ends, while it moves away from 
it with its middle part. As a result of this change the yolk-sac 
becomes henceforth only a pouch-like outer appendage at the middle 
of the ventral wall. The ventral appendage, growing smaller and 
smaller, is afterwards called the umbilical (navel) vesicle. (Of. 
Figs. 146, 147 as; Fig. 151 and Plate YII., Figs. 14. 15.) The 
cavity of the yolk-sac or umbilical vesicle communicates with the 
corresponding visceral cavity by a wide opening, which gradually 
contracts into a narrow and long canal, the vitelline (yolk) duct 
{dicctus vitellinus, Fig. 152 m). Hence, if we were to imagine 
ourselves in the cavity of the yolk-sac, we could get from it through 
the yolk-duct into the middle and still wide open part of the 
alimentary canal. If we were to go forward from there into the 
head-part of the embryo, we should reach the head-cavity of the 
gut, the fore-end of which is closed up. Hence the first structure 
of the alimentary canal consists no^v of three different sections : 
(l) The head-cavity, which opens behind (through the fore-opening 
of the gut) into tlie middle gut ; (2) the middle cavity, winch opens 
below (through the vitelline duct) into the yolk-sac , and (3) the 
pelvic cavity, whicli opens outwards (by the hind aperture of the 
gut) into the middle gut. 

The reader will ask: “Where are the mouth and the anus?” 
These are not at first present in the embryo. The whole of the 
primitive gut-cavity is completely closed, and is merely connected in 
the middle by the vitelline duct with the equally closed cavity of 
the embryonic vesicle (Fig. 145). The t^vo later apertures of the 
alimentary canal — the anus and the mouth — are secondary con- 
structions, formed from the outer skin. In the horn-plate, at the 
spot where the mouth is found subsequently, a pit-like depression is 
formed, and tliis grows deeper and deeper, pushing towards the 
blind fore-end of the head-cavity; this is the mouth-pit. In the 
same way, at the spot in the outer skin where the anus is aftei-wards 
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situated, a pit-shaped depression appears, grows deeper and deeper, 
and approaches the blind hind-end of the pelvic cavity ; this is the 
anus-pit. In the end these pits touch with their deepest and 
innermost points the two blind ends of the primitive alimentary 
canal, so that they are now only separated from them by thin 
membranous partitions. This membrane finally disappears, and 
henceforth the alimentary canal opens in front at the mouth and in 
the rear by the anus (Figs. 146, 152). Hence at first, if we 
penetrate into these pits from without, we find a partition cutting 
them off from the cavity of the alimentary canal, which gradually 


Mesoderm 



Fig 1,54.— Longitudinal section of a human embryo of the fourth -week, five mm. 
long, magnified fifteen times (From Kallmann.) 


disappears. The formation of mouth and anus is secondary in all 
the Yertebrates. 

The remainder of the embryonic vesicle, which we have called 
the umbilical vesicle or yolk-sac, becomes smaller and smaller, and 
at last liangs out like a little pouch from the middle of the gut by a 
thin pedicle, the vitelline duct (Fig. 147 This vitelline duct has 
no permanent importance , it is afterwards, like the yolk-sac, com- 
pletely atrophied and used up. Its contents are taken into the gut, 
while the duct itself grows. The point at which it connects with 
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the gut is the visceral navel. Here in the end the alimentary canal 
closes up altogether. (Of. Chapter XV. and Eig. 154 ; also Plate 
VII., Pigs. 14, 15.) 

Dm'ing these important processes, which lead to the formation 
of the intestinal wall and ventral wall, we find a number of other 
interesting changes taking place in the embryonic shield of the 
Amniotes. These relate chiefly to the prorenal ducts and the first 
blood-vessels. The prorenal (primitive-kidney) ducts, which at first 



Fig 165 

Fig, 156. — Transverse section of a 
human embryo ot tourteen days mr 
medullary tube, ch ehoi’da, vit umbilical 
vein, mt nl^ otome, mp middle plate, wj pro- 
renal duct, 111 hodv-cavitv, e ectoderm, hJi 
ventral Hkin, hf f.km-^lbre-la^ er. ilf gut-fibre- 
laver. (.Flow. KoUimnn ) 



Pig 156 


Fig 156 —Transverse section of a shark-embryo (or younK SolachiuB) w r medullary 
tube, eh chorda, a aoita, (1 gut, ep principal (or wubintestinal) vein, nit myotome, mm 
muHculor luabs ot the proveitobra, vip middle plate, u<i i)rorenal duct, Ui body-cavity, 
e ectoderm ot the rudnnontaiy extreinitioH, niz inoHonchvmic cells, z point where the 
myotome and uephrotonie beparato (PiomJT E Zieylct ) 


lie (luite flat under the horn-plate or epiderm (Fig. 141 imtj), soon 
back towards eacli other in consequence of special growth move- 
ments (Figs. 148-150 liiKj). The direction they take in this corre- 
sponds to the limit between the dorsal body and tlie ventral body 
(cf. Figs. 155 and 156) While they advance between the stem-zone 
and parietal zone of the embryonic shield of the Amniote, they 
depart more and more from their point of origin, and approach the 
gut-gland-layer. In the end they lie deep in the interior, on either 
side of the mesentery, underneath the chorda (Fig. 150 wuj). At 
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the same time the two primitive aortas change their position (cf. 
Eigs. 141-160 CLo ) : they travel inwards underneath the chorda, and 
there coalesce at last to form a single secondary aorta, which is 
found under the rudimentary vertebral column (Fig. 150 ao). The 
cardinal veins, the first venous blood-vessels, also back towards each 
other, and eventually unite immediately above the rudimentary 
kidneys (Figs. 160 uc, 167 cav). In the same spot, at the inner 
side of the rudimentary kidneys, we soon see the first trace of the 
sexual organs. The most important part of this apparatus (apart 



Fig 167 —Transverse section of a duck-embryo with twenty-four primitive seg- 
ments IFioiu Balfour ) From a dorsal lateral joint ot the medullary tube (spc) toe 
sDinal t'anulia imJ) tfrow out between it and toe hom-plate ch chorda, ao double ao^, 
111/ uut-nland-lavor, xp (jut-hbre-layer, with blood-vessels m section, »ia muscle plate, in the 
dorsal wall of the mvocoel (eiJisoinite) Below the cardinal vein (cdu) is the prorenal duct 
Uwl) and a segmental prorenal canal (st) The skiu-llbre-laver of the body-wall («>) la 
continued in the amniotic fold Utm) Between the four secondary gernvlajers and toe 
HtructiiieH lorinod from them there la formed embryonic connective matter with stellate 
colls and vascular structures. [Hertwia’s “ mesenchym.") 


from all its appendages) is the ovary in the female and the testicle 
in the male. Both develop from a small part of the coelous epithe- 
lium, tlie cell-covering of the body-cavity, at the spot where the 
skin-fibre-layer and gut-fibre-layer touch. The connection of this 
embryonic gland with the prorenal ducts, which lie close to it and 
assume most important relations to it, is only secondary. (Cf. 
Chapter XXIX. and Plate VI., Figs. 4-8.) 



THIRTEENTH TABLE 

SYNOPSIS OE THE COMPOSITION OP THE VEETE- 
BRATE-BODY PROM DORSAL AND VENTRAL-BODY, 
HEAD-HALP AND TRUNK-HALP 


Dorsal and 
Ventral Body. 

Episoma and 
hypoaoma. 


I. 

Dorsal body. 
Episoma 
(= dorsal shield 
or notaspis in the 
amniote embryo) . 

“ Stem-zone ” 
(= provertebral 
plates). 
(Animal hemi- 
sphere of the 
amphigastrnla, 
Figs. 43-50.) 
Neural region. 


Head and Trunk. 

CapiLt and ti unctta. 


I. A. 

Head-balf of the 
dorsal body. 

(Episoma 

capitale.) 


I. B. 

Trunk-half of the 
dorsal body. 

(Episoma 

truneale.) 


Skull-less 

Animals. 

Acrama. 

fa. Simple pro- 
cerebral ves- 
icles. 

b. Three pairs of 
simple organs 
of sense 

c. No rudimen- 
tary brain. 


Spinal marrow. 
Simple unseg- 
mentod pen- 
chorda. 

Dorsal trunk- 
muscles with 
myocoel. 


Skulled Animals. 

Craniota. 


a. Brain (with five 
cerebral ves- 
icles) . 

b. Three pairs of 
complex organs 
of sense. 

c. Cartilaginous 
rudimentary 
brain. 

a. Spinal marrow. 

b. Segmented ver- 
tebral column. 

o. Dorsal and 
ventral trunk- 
muscles with- 
out myocoel. 


Horizontal Frontal Septum between Episoma and Hyposoma ; Axiai, 
the Endoblastie Chorda— Lateral, the Eetoblastie Prorenal Duets. 


II 

Ventral body. 

Hyposoma 

( - Litoral plates 
and yolk-sac, 
besides the 
allantois ill the 
amnioto embryo) 


IT A. 

Head-half of the 
ventral bod^ . 

(Hyposoma 

capitale.) 


a Head-wall per- 
manent, with 
numerous gill- 
clefts 

b Segmented 
proncphridia 
c ilouth. 

Branchial gut 
and hypobran- 
chial groove. 
No floating- 
bladder o r 
lungs. 

One - chambered 
heart 


a. Head- wall em- 
bryonal, with 
from five to 
seven pairs of 
gill -clefts. 

b. Head-kidneys 
(pronephros) . 

c. Mouth. 

Gullet (jaw- 
cavity) and 
thyreoidoa. 
Floating - blad- 
der or lungs. 

]\Iany - chambered 
heart. 


“ ParioLil zone ” 
- latcial plates) 
(Vegetal hemi- 
sphere ot the 
amphigristnila. 
Figs 43-50.) 
Gastiic legioii 


IT. B 

Trunk-half of 
the ventral body 

(Hyposoma 

truneale.) 


a. Vent ra ! wall 
(belh - plates) 
(Paiietal laior 
of the h\pso- 
mites), 

b Scieial seg- 
mental prone- 
phridia 

c. Several s e g- 
mental gonads. 

d. Stomach. 
Simple hepatic 
tube. 

Small intestine 
Anus. 


r>i. Ventral wall 
(belly-plates). 

(P, metal layer 
of the lateral 
plates.) 

b A pair of com- 
pact kidneys, 
c One pair of 
gonads 
d Stomach 

Compact liver. 
Pancreas. 

Small intestine. 
Largo intestine. 
Anus. 
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ALPHABETICAL TABLE 

IN EXPLANATION OE THE LETTEES ON PLATES YI. 
AND YII. 

N.B. — The octoderm (skm-sense-layer) is coloured orange, the dorsal mesoderm 
(in the episoma) hlite, the ventral mesoderm (in the hyposoma) ted, and the 
entoderm (gut-gland-layer) 'gt een. 


a Anus. 
ah Ammotic cavity. 
al Allantois (urinary sac). 
am Amnion (water-vesicle). 
ao Aorta. 

ait Primitive mouth (prostoma). 

6 Ventral muscles. 
bh Breast-bone (stetimm). 
c Body-cavity (cceloma). 
c. Chest or pleural cavity {cavitas 
plettrce ) . 

c,, Peritoneal cavity {cavitas peti- 
tomi). 

eg Gonoooel (ventral coelom). 
ch Axial rod {chorda ) . 
cm Myoooel (dorsal coelom) . 
cn Neurentenc canal. 
ct Coelom-pouches 
cp Coelom polar cells (cells of the 
primitive mesoderm) . 
cx Serocoel (extra-foetal coelom). 
d Alimentary canal {ti actus) 
dc Large intestine {colon), 
dd Small intestine {ileum), 
df Gut-fibro-layer. 
ds Yolk-sac (umbilical vesicle) 
dit Primitive gut. 
e Ectoderm 
em Embrj’o. 

/ Womb {utetns). 
g Sexual glands (gonads) . 
gjt Sexual plates (einbrjonic epithe- 
lium) . 

h Hom-platc {cetabhisiits). 

Jib Bladder {vemen utinniia). 
hf Skin-fibre-layor. 
hJc Hcart-von tilde {vcnti tculus) 
hi Left (arterial) heart. 
hr Right (venous) heart 
h 11 Heart-auricle {at) mm) . 
hz Heart {cot) 

<1 Entoderm. 

w Gall-bladder {vesica felleo) . 


h Embryonic glands (sex-glands) . 

Jes Gill-clefts (gullet-clefts). 

I Corium. 
lb Liver {hepar). 

Ir Wmd-pipe {trachea). 

Ill Lung {■gitlmo). 
md Mammary gland (hi a m?7ifl). 
mg Stomach {stotiiachus) . 
mh Mouth-cavity. 

Dip Muscular plate {inusciilaiis). 
n Neural or medullary tube. 

Fore-brain (cerebrum). 

11 3 Intermediate brain (region of 
vision) . 

Ua Middle brain 
11^ Cerebellum. 

11 5 Hmd-brain. 
lie Brain. 

iir Spinal marrow {medulla spinalis). 

0 Mouth {osculiim). 
p Pancreas. 

q Organs of sense. 

1 Dorsal muscles. 
ip Ribs {costce). 

s Skull {ctaniutn). 
sb Pubic bone (os pubis), 
sh Gullet (pharynx). 
sJc Skeleton-plate. 
s) (Esophagus. 
t Mesentery’. 

« Prorenal duct {neplu-nductus) . 
iis Prorenal tubes {pt nnephridin) . 

Ill Pioronal groo\o {ncjjJuosulcus). 
uw Primitive segments (provertebral 
somites) 

V Rudimentary vein. 

VC Cardinal \eins. 
rg Vagina. 
ir Vertebra 
irb Vertebral arch. 
irl Body of vertebra. 

.1- Logs (limbs). 
z Diaphragm. 
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EXPLANATION OF PLATES VI. AND VII. 


The Plates VI. and VIT. are intended to give a partly ontogenetic and partly 
phylogenetic explanation of the construction of the human body from the germ- 
layers. Plate VI. contains only diagrammatic transverse sections (through the 
middle and the transverse axis) , Plate VH. contains only diagrammatic 
longitudinal sections (through the middle and the long axis), seen from the left. 
The primary layers and their products are marked by the same colours throughout, 
the skin-sense-layer orange and the gut-gland-layer green. The mesoderm and 
its products are blue in the episoma, or dorsal body ; and red in the hyposoma, or 
ventral body. The letters have the same meaning throughout. In all the figures 
the dorsal surface of the body is upward, and the ventral surface doivnioard. 

PLATE VI. DIAGRAMMATIC TRANSVERSE SECTIONS OP 
VERTEBRATES. 

Pig. 1. Transverse section of the gastrula of a primitive 

Vertebrate (Amphioxus, cf. Pig. lO, Plate VII., longitudinal section, and 
Pigs. 40 and 41) The whole body is an alimentary canal (d) ; the wall of it 
consists only of the two primary layers. 

Pig. 2. Transverse section of the ecelomula of a primitive 

Vertebrate (Amphioxus) at the commencement of ccelomation. The dorsal 
wall of the primitive gut {du) divides into the rudiments of the median chorda (ch) 
and the two coelom-pouches [ct). The neural tube {n) begins to separate from the 
horn-plate (c). (Cf. Pigs. 82-84.) 

Pig. 3. Transverse section of the ehordula (Pigs 86-89). The axial 
chorda {ch) lies between the doisal nerve-tube (n) and the ventral gut-tube (d) . 
The ccelom-pouch still simple iii the left (younger) half {ct ) , in the right (older) 
half it IS divided by the lateral furrow into a dorsal muscular pouch (myoccel, cm) 
and a ventral sexual pouch (gonoccel, eg), mp muscle-plate, gp sexual-plate, 
I coiiuin-plate, h horn-plate (outer skni). 

Fig 4. Transverse section of an ideal primitive Vertebrate 

{Pfospnndjjlus ov Tcifehreca, Y> 21.3). The ccelom-pouch i.s still simple in the left 
(younger) half, and opens outwardly by a inoroiial canal {ns) into the lateral 
prorenal groove {nr) , in the right (older) half the dorsal pait, oi muscular pouch 
(c;«), IS divided from the vcntr.il part, or sexual iiouch {eg) , the latter opens by 
a prorenal canal {us) into the prorenal duct (ii). which has separated from the 
hoin-plate (/i) The right and left body-cnvitics are still separate In the gut- 
fibre wall we see the first blood-vessels, the arteries above (aorta, an) and veins 
below (principal oi subintestinal vein, ?/■) ch chorda, n medullary tube, 
d aliinentaiy tube, gp sexual plate, nip) muscular plate, I coriuin-plato, h horn- 
plate. 

Fig. 5 Transverse section of a primitive fish embryo (Seiachu) 
The ieaturos of construction are almost the same as in the preceding , only the 
light and left coelom-pouches have united This has given nse to the simple 
body-eavity (motacoel or pleuro-peritoneal cavity). The skeletal plate also (formed 
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from the middle part of the dorsal coelom-pouch) is more advanced, and forms 
independent “ provertebral halves” {wl). As in Fig. 4, it is assumed as a matter 
of hypothesis that the coelom originally opens outwards (to the left ?) by segmental 
canals (pronephndia) , but afterwards (to the right?) the dorsal and ventral 
coelom-pouches are quite separate. (Cf. the section in Fig. 156.) 

Fig. 6. Transverse section of the germinal disc of an Amniote 

(or higher Vertebrate) , with rudiments of the first organs (Cf . the section of the 
chick on the second day of incubation, Fig. 141.) The medullary tube (u) and 
the prorenal ducts {u) are separated from the hom-plate (7i). At each side of the 
chorda {cli) the provertebrse {uw) and the lateral plates are differentiated. 
Between the skin-fibre-layer (hf) and the gut-fibre-layer (df) we see the first 
formation of the body -cavity or coelom (eg) ; underneath it are the two primary 
aortas (oo). 

Fig. 7. Transverse section of the g'erminal disc of the same 
Amniote, a little further advanced than Fig 8. (Of. the section of the chiek- 
embryo on the third day of incubation, Fig 149.) Medullary tube (u) and 
chorda (ch) already begin to be enclosed by the provertebr® (iiw). The prorenal 
ducts (ii) are already completely separated from the horn-plate (h) by the corium- 
plate (Z). c body-oavity, ao aortas. The cutaneous layer nses up round the 
embryo in the shape of the amniotio fold {am) ; this gives nse to a space between 
the amniotio fold and the wall of the yolk-sac {ds), the pericoel (seroccelom) or 
extra-foetal coeloma (ca-) . 

Fig. 8 Transverse section of the pelvic region and the hind limbs 
of the embryo of an Amniote (Of the section of a chick-embrj-o on the fifth day 
of incubation, m Chapter XIII.) The medullary tube (?i) is already entirely 
enclosed by the two arches of the vertebra (wb), and the chorda and its sheath by 
the two halves of the body of the vertebra (wk). The corium-plate (Z) has 
separated completely from the muscular plate (»ip). The hom-plate {h) is much 
thickened at the point of the hind legs {x) The sexual parts (g^) extend far into 
the body-cavity (c), and lie close to the prorenal duct {u) The alimentary tube 
(d) is fastened by a mesonterj' (/), under the chief aorta (ao) and the two cardinal 
veins (I'c), to the dorsal surface of the body-wall Below, in the middle of the 
ventral wall, we see the pedicle of the allantois (aZ). 

Fig. 9. Transverse section of the thoracic (chest) cavity in man 

(diagrammatic) The medullaiy tube (n) is surrounded by the developed vertebra. 
From the vertebra an arched rib goes to right and left, and strengthens the breast- 
wall (;p). Below, on the ventral surface, the breast-bone or sternum {bb) lies 
between right and left ribs Externally, over the ribs (and the intercostal 
muscles), lies the outer skin, formed of the corium-plate (Z) and the horny plate 
(Zi). The pectoral cavity (or fore part of the coelom, c) is, for the most part, 
occupied by the lungs {hi), in which the air-tubes ramify like the branches of a 
tree. All these open together into the single larynx (h), which opens at the neck 
into the pharynx {s>). The aorta {ao) lies between the alimentary canal and the 
vertebral column. Between the trachea and the sternum is the heart, divided 
into two halves by a partition. The left half {hi) contains only arterial and the 
right {hr) only venous blood Each half of the heart is divided by a valve into an 
auricle and ventricle. The heait is represented diagrammatically in its (phylo- 
genetically ) original symmetrical situation (in the middle of the ventral side) . In 
the developed man and tho ape the heart is unsymmetncally and obhquely 
placed, the apex being diawn to the left. 
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PLATE Vn. DIAGRAIMMATIG LONGITUDINAL SECTIONS OE 
VERTEBRATES. 

(All the sections on this Plate are seen from the left.) 

Fig. 10. Longitudinal section of the gastrula of a primitive 
Vertebrate (Amphioxns, cf. Pig. l, Plate VE , transverse section, and Pigs. 40, 
41). The primitive gut-cavity opens at the back by the piimitive mouth [au]. 
The body consists only of the two germ-layers. At the ventral border of the 
primitive mouth one of the two large polar cells of the mesoderm can be seen 
(coelom pole-cells, cp). 

Pig. 11. Longitudinal section of the ehordula (Pigs. 86-89). The 
dorsal medullary tube («) is connected behind with the alimentary canal {du) by 
the neurenteric canal ; the axial chorda (c7i) lies between the two. 

Pig. 12. Lateral view of a primitive Vertebrate (Prospondyius, 
Pigs. 101-105), from the left side. The axial chorda (ch) divides the episoma 
from the hyposoma. In the head half we have the brain {nc) above and the gill- 
gut (ks) below, with eight pairs of gill-clefts ; in the trunk half the medullary 
tube {nr) and the muscle-plates (w/p) above and the segmental gonads (g) below. 
a anus, o mouth, vih mouth-cavity, q sense organs, hs heart. 

Pig, 13. Longitudinal section of a primitive flsh [Proselochms), a 
close relation of the actual sharks and the hypothetical ancestors of man. (The 
fins are omitted ) The medullary tube has divided into the five primitive cerebral 
vesicles (iii-ns) and the spinal mariow («;) (cf Pigs. 15, 10), The brain is 
enclosed by the skull (s), and the spinal marrow by the vertebral canal (above the 
marrow the vertebral arches, ich , underneath it the bodies of the vortebrie, wK; 
under these again the source of the ribs is indicated). In front a sense-organ (g) 
has developed from the homy plate The alimentary canal (d) has divided into 
the following parts mouth-cavity {mh), gullet-cavity with eight pairs of gill-clefts 
(ks), floating-bladder ( = lungs. In), oesophagus {m), stomach {mg), liver {Ih) with 
the gall-bladder {iv), small intestine {dd), and rectum with anus {a) Under the 
rectum is the sexual gland {g) , higher up, the priinitne kidnevs {us). Under the 
gullet-cavity lies the heart, with auricle (In) and ventricle {hi}. 

Pig. 14. Longitudinal section of the embryo of an Amniote, 

showing the relation of the alimentaia canal to the appendages In the middle 
the long-stalkod \olk-s.ic (oi unihilieal \esicle, t/.s) anses from the alimentary 
canal , behind, the loug-stalkod allantois {al) also jiroceods from the canal. 
Beneath the fore-gut is the heart {lu). ah amuiotic cavit\ . The vential part of 
the amnion {nh) encloses the iiediele of the leeithom and the allantois (umbilical 
cord) . 

Pig. 15, Longitudinal section of a human embryo of five weeks 
(cf Fig. 14). The amnion, the placenta, and the urachus are omitted. The 
niedullar\ tube has divided into the fi\o pi iniitne cerebral \esieles (n,-;? J and the 
spinal marrow (a/, cf Figs 1,3 and 10), The brain is enclosed bv the skull (&■) , 
under the spinal marrow is the series of the vertebral bodies {irl ) . The alimentary 
canal has been diifercntiated into the following sections . gullet-cavity with throe 
pans of gill-cletts (A-s), lungs {Ju), oesophagus (s/), stomach {mg), liver [lb), small 
intestiuu {dd) into which the yolk-sac {ds) opens, nnnary bladder {hb), and 
leetum. /i? heart The remainder of the tail is still clearl) seen to the light 
below. 
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Fio. 16 — Longitudinal seetlon of a developed human female body. 

All the parts are fully developed, but diagrammatically reduced and simplified in 
order to show more clearly the arrangement and the relation to the four secondary 
germ-layers. In the brain the five original vesicles (Fig. 15. have 

separated and developed in the manner peculiar to the higher llammals ; iij Fore- 
brain or cerebrum (preponderating over and covenng the other four) , inter- 
mediate-brain or optic thalami ; middle brain or corpora quadrigemina ; 

hind-brain or cerebellum; after-brain or pons Varoii, passing into the 
spinal cord [nr). The brain is enclosed by the skull (s), the spinal cord by the 
vertebral canal ; above the cord are the vertebral arches and spinal processes [voh] , 
beneath it the bodies of the vertebrae [wlc). The alimentary canal has been 
divided into the following successive sections: mouth-cavity, gullet-cavity (in 
which the gill-clefts, Zrs, were formerly), wind-pipe [h] with lungs [hi), oesophagus 
(sr), stomach [mg), liver [Ih) with gall-bladder [ir), pancreas (p), small intestine 
[dd) and large intestine [dc), rectum and anus [a). The body-cavity or coelom (c) 
is divided by the diaphragm (^r) into two — the thoracic-cavity (c), in which we 
have the heart [hz) in front of the lungs ; and the abdominal-cavity, in which 
are most of the viscera. In front of the rectum is the female vagina [vg), which 
leads into the womb (uterus, /) , in this the embryo (indicated by a small 
embryonic vesicle, em) develops. Between the uterus and the os pubis (s6) lies 
the bladder [hb), the remainder of the pedicle of the aUantois. The horn-plate 
[h) covers the entire body as the epidermis, and also lines the cavities of the 
mouth, the anus, the vagina, and the womb The mammary gland [md) also 
was originally formed from the horn-plate. 

Note — The four colours that are used on Plates VI and VH. in explaining 
human organogenesis correspond only in part to the four secondary germ-layers. 
The skin-sonse-layer is orange, the gut-gland-layer green. On the other hand, 
all organs are blue in the episoma and red in the hyposoma— whether they are 
products of the parietal middle layer (skm-fibre-layer) or the visceral mesoderm 
(gut-fibre-layer) . 



CHAPTEE XIV, 


THE SEGMENTATION OE THE BODY 

Metamerism or segmentation of the body of the higher animals ; division into 
a chain of segments or consecutive parts. Internal segmentation of the 
Vertebrates and external segmentation of the Articulates resemble each other, 
but differ profoundly. Beginning of segmentation of the Amniotes in the 
middle of the embryonal shield. Increase of the somites or primitive 
segments from front to back. Their number in man. Segments of the head 
and of the trunk. Segmentation of the Amphioxus. Severance of the 
somites from the fore-end of the coelom-pouches Division of each primitive 
segment into a dorsal (myotome) and a ventral (gonotome) half. Segmenta- 
tion of the Oraniotes : segmental protovertebral plates and unsegmented 
lateral plates. Differentiation of the metamera in the Pishes, Amphibia, and 
Amniotes. Segmentation of the episoma and hyposoma Onginal meta- 
merism of the gonads and nephndia. Segmentation of the fore-gut . gill- 
clefts, and arches. Primary and secondary metamerism. IMonomeric organs : 
heart, lungs, liver, sense-organs, limbs. Similarity of vertebrate-embryos 
and its phylogenetic significance. 

The vertebrate stem, to which our race belongs as one of the latest 
and most advanced outcomes of the natural biogenetic process, is 
rightly placed at the liead of the animal kingdom. This privilege 
must be accorded to it, not only because man does in point of fact 
soar far above all other animals, and has been lifted to the position 
of “lord of creation”, but also because the vertebrate organism far 
surpasses all the other animal-stems in size, in complexity of 
structure, and m the advanced character of its functions. From 
the point of view of both morphology and physiology, the verte- 
brate phylum (stem) outstrips all the otlier, or invertebrate, 
animals. 

There is only one among the twelve stems of the animal 
kingdom that can in many respects be compared with tlie Verte- 
brates, and reaches an equal, if not a greater, importance in many 
points. This is the stem of the Articulates, composed of three 
classes . 1. The Annelids (earth-worms, leeches, and cognate forms) ; 
2. The Crustacea (crabs and shrimps, etc.) ; 3. The Tracheata 
(Peripatida, Myriapods, Spiders, and Insects). The phylum of the 
Articulates (or Anthropods) is superior not only to the Vertebrates, 
but to all other animal-stems, in variety of forms, number of 
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species, size of individuals, and general importance in the economy 
of nature. 

When we have thus declared the Vertebrates and the Articulates 
to be the most important and most advanced of the twelve stems of 
the animal kingdom, the question arises whether this special posi- 
tion is accorded to them on the ground of a peculiarity of organi- 
sation that is common to the two. The answer is that this is 
really the case ; it is the segmental or transverse articulation, which 
we may briefly call metanierimi. In all the Vertebrates and Arti- 
culates the developed individual consists of a series of successive 
members (segments or metamera = “ parts ”) ; in the embryo these 
are called primitive segments or somites. In each of these meta- 
mera we have a certain group of organs reproduced in the same 
arrangement, so that we may regard each segment as an individual 
unity, or a special “ individual ” subordinated to the entire per- 
sonality. 

The similarity of the morphological segmentation, and the con- 
sequent physiological advance in the two stems of the Vertebrates 
and Articulates, has led to the assumption of a direct affinity 
between them, and an attempt to derive the former directly from 
the latter. The Annelids were supposed to be the direct ancestors, 
not only of the Crustacea and Tracheata, but also of the Verte- 
brates. We shall see later (Chapter XX.) that this Annelid theory 
of the Vertebrates is entirely wTong, and ignores the most important 
differences in the organisation of the two stems. The internal 
segmentation of the Vertebrates is ]ust as profoundly different from 
the external metamerism of the Articulates as are their skeletal 
structure, nervous system, vascular system, and so on. The meta- 
merism has been develojied m a totally different way in the two 
steins. The unarticulated chordula (Figs. 86-89), which w^e have 
recognised as one of the cliief palingenetic embryonic forms of the 
Vertebrate group, and from which we have inferred the existence of 
a corresponding ancestral form for all the Vertebrates and Tunicates, 
is quite unthinkable as the stem-form of the Articulates. 

All segmented animals came originally from unsegmented ones. 
This phylogenetic principle is as firmly establislied as the ontogenetic 
fact that every segmented animal-form develops from an unseg- 
mented embryo. But the organisation of the embryo is totally 
different in the two stems. The palingenetic chordula-embryo of all 
tlie Vertebrates is characterised by the dorsal medullary tube, the 
neurenteric canal, which passes at the primitive mouth into the 
alimentary canal, and the axial chorda between the two. None of 
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the Articulates, either Annelids or Arthropods {Crustacea and Tra- 
cheata), show any trace of this type of organisation. Moreover, 
the development of the chief systems of organs proceeds in the 
opposite way in the two stems, as is shown in Table XIV. Hence 
the typical metamerism of the two stems must have been acquired 
independently of each other. This is not at all sm'prising ; we find 
analogous cases in the stalk-articulation of the higher plants and in 
several groups of other animal stems — for instance, in the tape- 
worm and Gunda (among the Platodes), in the star-fish and encrinite 
(among the Echinoderms), in the Scyphostoma (among the Cnidaria), 
and so on. 

The characteristic internal segmentation of the Vertebrates and 
its importance in the organisation of the stem are best seen in the 
study of the skeleton. Its chief and central part, the cartilaginous 
or bony vertebral column, affords an obvious instance of vertebrate 
metamerism ; it consists of a series of homogeneous cartilaginous or 
bony pieces, which have long been known as vertehrcB (or spondylt). 
Each vertebra is directly connected with a special section of the 
muscular system, the nervous system, the vascular system, etc. 
Thus most of the “ animal organs ” take part in this vei’tebration. 
But we saw, when we were considering our own vertebrate character 
(in Chapter XI.), that the same internal segmentation is also found 
in the lowest primitive Vertebrates, the Acrania, although here the 
whole skeleton consists merely of the simple chorda, and is not at 
all segmented. Hence the primary segmentation does not proceed 
from the skeleton, but from the muscular system, and is clearly 
phylogenetically determined by the more advanced swimming- 
movements of the primitive Chordonia-ancestors 

It IS, tlierefore, wrong to describo the first rudiments of the 
metamera in the vertebrate emlnyo as “primitive vertebrae” or 
2)yotovartebrce , the fact that they have been so called for some time 
has led to mucli error and misunderstanding. Hence we shall give 
the name of “somites” or primitive segments to these so-caUed 
“ primitive vertebrae.” If the latter name is retained at all, it should 
only be used of tlie .sclcrotom — ^.e., the small dorso-medial part of the 
somites from which the later vertebra does actually develop. 

Segmentation begins in all Vertebrates at a very early embryonic 
stage, and this indicates the considerable i)!i> logenetic age of the 
piocess. When the cliordula (Eigs. 86-B9) lias completed its 
cliaracloristic composition, often even a little earlier, we find in the 
Amniotos, in the middle of tlie sole-shaped embryonic shield, several 
pails of (lark s(juare spots, symmetrically distributed on both sides 
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of the chorda (Figs 134-138). Transverse sections (Fig. 141 iiu^ 
show that they belong to the stem-zone (episoma) of the mesoderm, 
and are separated from the parietal zone (hyposoma) by the lateral 
folds ; in section they are still quadrangular, almost square, so that 




Fio 15H 


Fig 159 
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Figs ir>H-i(30 — Sole-shaped embryonic disc of the chick, lu thiee snccesfiiNo stages 
ot dovelonineiit, looked at fiom the dorsal snrtace, magnihod about twenfs times, some- 
what diagrammatic Fig 15H with six pairs ot somites Hrain a simiile \esicle (Jib) 
Modullai-v fuiiow' still wide open from w, greatly widened at xr injj iiiedullarj plates, 
sp lateral plates, 1/ limit ol gullet-caviti {s/daiid toie-giit (tv7) Fig lo!) with ten pairs of 
homitos, liiain divided into three vesicles r toie-biaiii, m middle-biain, Ji hind-brain, 
i hcait, \itelline veins Mediillaiv luiiovv still wide open behind (£), tfip medullaiT 
lilatcs Fig Kit) with sixteen pairs ot somites Ihain divided into live vesicles, n tore- 
biam, mntermediate-brain, in middlo-biain, /i hiud-bram, 11 attei-braiu, n ojitic vesicles, 
(j auditoiy vesicles, c heart, (Iv vitelline veins, inji iiiedullaij plate, uw primitive vertebra. 


they look something like dice. These pairs of “cubes” of the 
median mesoderm are the first traces of the primitive segments or 
somites, the so-called “ protovertebra) ” (Figs. 158-160 uil'). 
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Among the Mammals the embryos of the Marsupials have three 
pairs of somites (Fig. 134:) after sixty hours, and eight pairs after 
seventy-two hours (Fig. 138). They develop more slowly in the 
embryo of a rabbit; this has three somites on the eighth day 
(Fig. 135), and eight somites a day later (Fig. 137). In the incubated 
hen’s egg the first somites make their appearance thirty hours after 
incubation begins (Fig. 158). At the end of the second day the 
number has risen to sixteen or eighteen (Fig. 160). The segmenta- 
tion of the mesodermic stem-zone, to which the somites owe their 
origin, thus proceeds briskly from front to rear, new transverse 
constrictions of the “ protovertebral plates” forming continuously 
and successively. The first segment, which is almost half- 
way down in the embryonal 
shield of the Amniote, is the fore- 
most of all ; from this first somite 
is formed the first cervical verte- 
bra with its muscles and skeletal 
parts. It follows from this, firstly, 
that the multiplication of the 
primitive segments proceeds back- 
wards from the front, with a con- 
stant lengthening of the hinder 
end of the body , and, secondly, 
that at the beginning of segmen- 
tation nearly the whole of the 
anterior half of tlie sole-shaped 
embryonic shield of the Amniote 
belongs to the later head, while 
the wliole of the rest of the body 
is formed fi-oin its liinder half. 
We are reminded that in the 
Amphioxus (and in our hypothetic 
primitive Vertebrate, Figs. 101-105) nearly the whole of the fore 
half corresponds to the head, and the hind half to the trunk. 

The mesoderm of the amniote head develoiis from the undivided 
head-plates, which are clearly distinguisliod from the protovertebral 
plates of the trunk by the absence of segmentation. But we shall 
see that this simplicity of the head-plates is not original, but 
conogenetic In the lower Vertebrates even tlie head-part seems to 
bo cleaily segmented and composed of at least nine somites ; and in 
the embryo of certain palingenetic fishes as many as twelve to 
fourteen head-segments have recently been found. But in the 



Fig. 161 —Embryo of the Amphioxus, 
sixteen hours old, seen trom the hack 
(Prom HatscheTi ' ) <{ immitne Kut, u 

piimitive [mouth, p polar cells ot the 
mebodeim, c coeloin-pouchcH, in theu- first 
seKment, n medullary tube, i eiitodeim, e 
ectoderm, s first set'ment-told 
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higher Vertebrates these head-somites (like head-metamera of the 
higher Articulates) fuse together at such an early stage that it took 
the acute observations of Gegenbaur (1872) to prove them by 
comparative anatomic methods. The proof was afterwards confirmed 
by others with the aid of comparative ontogeny. We shall retmm 
to the point in discussing the theory of the skull in Chapter XXVI. 

The number of the metamera, and of the embryonic somites or 
primitive segments from which they develop, varies considerably in 
the Vertebrates, ac- 


cording as the hind 
part of the body is 
short or is lengthened 
by a tail. In the 
developed man the 
trunk (including the 
rudimentary tail) con- 
sists of thirty-three 
metamera, the solid 
centre of which is 
formed by that num- 



ber of vertebrae in the 
vertebral column 
(seven cervical, 
twelve dorsal, five 
lumbar, five sacral, 
and four caudal) . To 
these we must add 
at least nine head- 
vertebrsB, which ori- 
ginally (in all the 
Craniota) constitute 
the skull Thus the 
total number of the 
primitive segments of 



Figs 16>2 and 163 —Embryo of the Araphloxus, twenty 
.ours old. with five somites. Fig 

ight view (Prom Hathcliek.) 7 tore end. H hmd end ofr, 

i7.' outer, middle, and inner germ-layers, dh 

anal, n neural tube, cn canaliB neiirenteiiciis, calonv 
loucbeslor primitive beguient cavities), ut>i (andtore- 
nost) primitive segment 


the human body is 1 4 . t 

raised to at least forty-two , it would reach forty-five to forty-eight if 
(aooorclmg to recent investigations) the number of the original 
segments of the skull is put at twelve to fifteen In the tailless or 
anthropoid apes the number of inetamei-a is the same as in man, md 
only differs by one or two ; but it is much larger in the long-taded 
apes and most of the other Mammals. In long serpents and fishes 
it reaches several hundred (sometimes 400). 
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In order to understand properly the real nature and origin of 
segmentation in the human body and that of the higher Vertebrates, 
it is necessary to compare it with that of the lower Vertebrates, and 
bear in mind always the i^hylogenetic connection of all the members 
of the stem. In this the palmgenetic development of the invaluable 
Amphioxus once more furnishes the key to the complex and ceno- 
geneticaUy modified embryonic processes of the Oraniota. Here, 



Flu 1(54 Fio KiiS Fm 

Fms lb4-l()') —Embryo of the Amphioxus, twenty-four hours old, with eight 
somites. (Fnnn hrh ) Fi«s lt)4 aixl Ki'i Uloral \ low (troui U‘ft) Ifiti seen fioui 

hack. In FiH. Ki-t onh tho outlines ot the ei«lit iiiiiiutne seHuients .u’o indicated, In 
Fik Ifa.'j tlioir caMtios and umsenliLi walls. I'tore end, H hind end, d Hut, dii undei and 
(hi niipoi wall ot tho j?nt, )w caiialis nonieiiteiieiiK, ur \ential, ml dornal wall of tho neural 
tube, /UMieurojioruh, f/ 1 ’ tore pouch of the liut, e/j choida, inesodeiiniu told, ;jhi i>olar 
colls ot the inesodeim (nix), e ectodorni 

too, it IS the masterly studies of Hatschek (of Vienna) that put most 
clearly before us those roniarkablo features of the lowest Vertebrate, 
(hscovi'recl by Kowalovsky thirty-six years ago. The articulation of 
tlie Amiihioxus begins at an early stage —earlier than in the Graniotes. 
Tho two cu‘lom-i)ouches have hardly grown out of the primitive gut 
(Fig. IGl c) wlien the blind fore part of it (farthest away from the 
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primitive mouth, ih) begins to separate by a transverse fold (s) : this 
is the first primitive segment. Immediately afterwards the hind 
part of the coelom -pouches begins to divide into a series of pieces by 
new transverse folds (Fig. 162). The transverse constrictions of the 
coelom-pouches lie in a plane vertical to the long axis, and begin at 
their dorsal side (Fig. 163). Proceeding downwards from there, 
they cut each other completely through in this transverse plane, and 
thus break up each coelom-sac into a series of roundish cubic vesicles. 
The foremost of these primitive segments (msJ is the first and 
oldest ; in Figs. 162 and 163 there are abeady five formed. They 
separate so rapidly, one behind the other, that eight pairs are formed 
within twenty-four hours of the beginning of development, and 
seventeen pairs twenty-four hours later. The number increases as 


the embryo grows and extends back- 
wards, and new cells are formed con- 
stantly (at the primitive mouth) from 
the two primitive mesodermic cells 
(Figs. 164-166). 

This typical segmentation of the two 
coelom-sacs begins very early in the 
Lancelot, before they are yet severed 
from the primitive gut, so that at first 
each segment-cavity (^sj still communi- 
cates by a narrow opening with the gut, 
like an intestinal gland. But this open- 
ing soon closes by complete severance, 
proceeding regularly backwards. The 
closed vesicular somites then extend 
more, so that their upper half grows up- 



riG. 167 —Transverse section 
of the middle of an Amphi- 
oxus-embryo with eleven 
primitive segments, (From 
Hatschek) To the left the seg- 
ment IS still simple, to the right 
already divided bj’ the lateral fold 
iink) into dorsal and ventral 
halves ak, nik, ik outer, middle, 
and inner genn-la\erB, n neural 
tube, ch chorda, dh alimentaiy 
canal, sd dorsal bomite, sw ventral 
somite, c coeloma. 


wards like a fold between the ectoderm 

{ak) and neural tube in), and the lower half between the ectoderm 
and alimentary canal {dh ; Fig. 167 c, left half of the figure) After- 
wards the two halves completely separate, a lateral longitudinal 
fold cutting between them {mk, right half of Fig. 167). The dorsal 
segments {sd) provide the muscles of the trunk the whole length of 
the body (Fig. 165) . this cavity afterwards disappears. On the 
other hand, the ventral somites give rise, from their uppermost 
section, to the pronephridia or prorenal canals, and from the lower 
to the segmental rudiments of the sexual glands or gonads. The 
partitions of the muscular dorsal pieces {inijotomes) remain, and 
determine the permanent articulation of the Vertebrate organism. 
But the partitions of the extensive ventral pieces {gonoto7nes) become 
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thinner, and afterwards disappear in part, so that their cavities run 
together to form the metacoel, or the simple permanent body-cavity. 

The segmentation proceeds in substantially the same way in the 
other Vertebrates, the Craniota, starting from the coelom-pouches. 
But whereas in the former case there is first a transverse division of 
the coelom-sacs (by vertical folds) and then the dorso-ventral 
division, the procedure is reversed in the Craniota ; in their case 
each of the long coelom-pouches first divides into a dorsal (primitive 
segment plate) and a ventral (lateral plate) section by a lateral 



Figs 168 and ibO —Transverse section of shark-embryos (thron«h the region of the 
kidneys). (Prom Wulie and Hertwiij ) In Fig 169 the dorsal seguieut-cavitios (?i) are 
already sepal ated troin the bodv-cavitj Uh), but they aie uoimocted a little earlier (Pig. 
168) in neuial tul)e, ch choida, sch subchordal string, «o aoita, sk skeletal plate, mp 
muscle-plate, cp cutis-plate, ii> coiiuoctiou ot lattoi (giowtb-sione), vn piiiiiitive kidneys, 
i«7 prorenal duct, itl' iirorenal canals, us iioiiit where they aio cut ott, ti prorenal funnel, 
vik middle genu-layer iinki parietal, »h7. • viscoial), tJ; inner germ-lajer (gut-gland-layer). 


longitudinal fold. Only the forinor are tlien broken up into primi- 
tive segments by the subseciiient vertical folds , while tlie latter 
(segmented for a time in the Amphioxus) remain undivided, and, by 
the divergence of tlieir parietal and visceral plates, form a body- 
cavity that is unified from the first. In this case, again, it is clear 
til at we must regard the features of the younger Craniota as ceno- 
gencticallv modified processes that can be traced palmgenetically to 
tlie older Acrania. 

We have an interesting intermediate stage between the Acrania 
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and the Fishes in these and many other respects in the Cyclostomes 
(Myxinoides and Petromyzontes, cf. Chapter XXI.). In particular, 
the development of their muscular segments (from the dorsal 
somites) is nearer to that of the Amphioxus than of the other 
Vertebrates (the Gnathostoma). This is connected with the fact 
that the Cyclostomes, like the Acrania, have no vertebral column, 
and that the segmentation of the body is very simple and iDiimitive 
in both groups ; the formation of the head, especially, remains at a 
very low stage, and there are no pairs of limbs. These embr^^onic 
processes are much more complex in the fishes, with which begins 
the long series of gnathostome (“jaw-mouthed”) Vertebrates with 
two pairs of extremities. 

Among the fishes the Selachii, or primitive fishes, yield the most 
important information on these and many other phylogenetic 
questions (Figs. 168, 169). The careful studies of Euckert, Van 
Wijhe, H. E. Ziegler, and others, have 
given us most valuable results. The 
products of the middle germ-layer are 
partly clear in these cases at the period 
when the dorsal primitive segment cavi- 
ties (or myocoels, k) are still connected 
with the ventral body-cavity (Ih; Fig. 

168). In Fig. 169, a somewhat older 
embryo, these cavities are separated. 

The outer or lateral wall of the dorsal 
segment yields the cutis-plate (cp), the 
foundation of the connective corium. 

From its inner or median wall are deve- 
loped the muscle-plate {mp, the rudiment of the trunk-muscles) and 
the skeletal plate, the formative matter of the vertebral column (sft)- 

In the Ampliibia, also, especially the water-salamander {Triton), 
we can observe very clearly the segmentation of the ccelom-pouches 
and the rise of tlie primitive segments from their dorsal half (cf. Fig. 
94, A, B, C). The cavity of the originally simple coelom-sacs (Fig. 
94 A and right lialf of B) remains visible lioth m the dorsal and 
ventral segments, even after the two have been separated by the 
lateral fold (Fig. 94 C and left half of B). A liorizontal longitudinal 
or frontal section of this salamander-embryo (Fig. 170) shows very 
clearly the series of pairs of these vesicular dorsal segments, which 
have been cut off on each side from the ventral side-plates, and lie 
to the right and left of the chorda. 

The metamerism of the Amniotes agrees in all essential points 

U 



Fig 170.— Frontal (or horl- 
zontal-Ionsrltudinal) section 
of a Triton-embryo with three 
pairs of primitive segments, ch 
chorda, u« pnroitive segments, 
usJi their cavity, ak' horn-plate. 
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with that of the three lower classes of Vertebrates we have ‘con- 
sidered; but it varies considerably in detail, in consequence of 



Fia. 171— Transverse section of a chlek-embryo of the second day of incubation 
(From Kolliker.) mr medullary tube, eh chorda, protovertebra, una proienal ducts 
ao primitive aorta, uioh provertebral cavity, un primitive kidneys, li horn-plate, oif 
amniotio fold, hp skin-flbre-laver, df gut-flbre-layer, p coslom, dd yolk-gland-layer. 


mH 



Fig 17'2 —Transverse section of the embryo ot a cluck ot the fourth da^ , magnified 
aliout one hundred times. The protovertebnr liavo split into the outoi muHC'e-pIate {mp) 
and the inner skeletal plate. The latter begins to enclose the chorda (e7i) below as the 
body oi the vertolu-no iwh), and the medullary tube (m) above as the arch of the vertebrae 
(wb), the cavity of the inedullaiy tube (nth) being now very narrow At wq the muscular 
plate advances into the ventral wall (7ip), hpi coiium-plate or dorsal wall, h horn-plate, 
(( amnion, luicj pioronal duet, uii prorenal canals, cto primitive arters’’ (aorta), vc cai^nal 
vein, d/gut-fibre-laver, dd gut-gland-layer, dr alimentary groove. 


cenogenetic disturbances that are due in the first place (like the 
degeneration of the ccelom-pouches) to the large development of the 
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food- yolk. As the pressure of this seems to force the two middle 
layers together from the start, and as the solid structure of the 
mesoderm apparently belies the original hollow character of the sacs, 
the two sections of the mesoderm, which are at that time divided by 
the lateral fold — the dorsal segment-plates and ventral side-plates — 
have the appearance at first of solid laminae of cells (Figs. 97-100). 
And when the articulation of the somites begins in the sole-shaped 
embryonal shield, and a couple of protovertebrae are developed in 
succession, constantly increasing in number towards the rear, these 
cube-shaped somites (formerly called protovertebrae, or primitive 
vertebrae) have the appearance of solid dice, made up of mesodermic 
cells (Fig. 141). Nevertheless, there is for a time a ventral cavity, 
or provertebral cavity, even in these solid “ protovertebrae ” (Fig. 
160 uw h). This vesicular condition of the provertebra is of the 
greatest phylogenetic interest; we must, according to the cmlom- 
theory, regard it as an hereditary reproduction of the vesicular 
dorsal somites of the Amphioxus (Figs. 161-167) and the lower 
Vertebrates (Figs. 168-170) . This rudimentary “ provei'tebral cavity ’ ’ 
has no physiological significance whatever in the amniote-embryo ; 
it soon disappears, being filled up with cells of the muscular plate. 

Another variation in the formation of the segments in the 
Amniotes is that the development of the muscular plates from 
the inner (median) wall of their somites spreads to the outer 
(lateral) wall; hence here the cell-stratum of the “skin-fibre-layer,” 
which lies directly below the cutis-plate (the later corium-plate. 
Fig. 169 cp), also takes a lively part in the further growth of the 
muscular plate. It grows out on all sides from this point, especially 
downwards into the lateral plates of the ventral wall (the ventral 
plates). 

The innermost median part of the primitive segment plates, 
which lies immediately on the chorda (Fig. 172 cli) and the 
medullary tube (w), forms the vertebral column in all the higher 
Vertebrates (it is wanting in the lowest) ; hence it may be called 
the skeleton plate, or “sclerotome” (in opposition to the outlying 
muscular plate, the “myotome”). From the phylogenetic point of 
view the myotomes are much older than the sclerotomes. The 
lower or ventral part of each sclerotome (the inner and lower edge 
of the cube-shaped provertebra) divides into two laminae, which 
grow round the chorda, and thus form the foundation of the body 
of the vertebra {ivh). The upper lamina presses between the chorda 
and the medullary tube, the lower between the chorda and the 
alimentary canal (Fig. 142 C). As the laminae of two opposite 
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proverfcebral pieces unite from the right and left, a circular sheath is 
formed round this part of the chorda. From this develops the 
body of a vertebra — that is to say, the massive lower or ventral half 
of the bony ring, which is called the “ vertebra ” proper and 
surrounds the medullary tube (Figs. 173-175). The upper or dorsal 
half of this bony ring, the vertebral arch (Fig. 172 w6), arises in 
just the same way from the upper part of the skeletal plate, and 
therefore from the inner and upper edge of the cube-shaped primitive 
vertebra. As the median upper edges of two opposing somites grow 
together over the meduUary tube from right and left, the vertebral 
arch becomes closed. 

The whole of the secondary vertebra, which is thus formed from 
the union of the skeletal plates of two provertebral pieces and 
encloses a part of the chorda in its body, consists at first of a 
rather soft mass of cells; this afterwards passes into a firmer, 



Fig. 173. Pig. 174 Pig. 175 

Fig 173 —The third cervical vertebra (human) 

Fig. 174.— The sixth dorsal vertebra (human) 

Pig. 176.— The second lumbar vertebra (human) 

second, cartilaginous stage, and finally into a tliird, permanent, bony 
stage. These three stages can generally be distinguished in the 
greater part of the skeleton of the higiier Vertebrates ; at first most 
parts of the skeleton are softer, tender, and membranous ; tliey then 
become cartilaginous in the course of their development, and finally 
ossify. 

At the head part of tlio embryo in tlie Amniotes there is not 
generally a cleavage of the middle germ-layer into provertebral and 
lateral plates, but the dorsal and ventral somites are blended from 
tlie first, and form what are called “the head-plates” (Fig. 153 k). 
From tliese are formed the skull, the bony case of the brain, and 
the muscles and corium of the body. The skull develops in the 
manner of the membranous vertebral column. The right and left 
luilves of the head curve over the cerebral vesicle, enclose the fore- 
most part of the chorda below, and thus finally form a simple, soft, 
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menibranous capsule about the brain. This is afterwards converted 
into a cartilaginous primitive skull, such as we find permanently in 
many of the fishes. Much later this cartilaginous skull becomes 
the permanent bony skull with its various parts. The bony skull in 
man and all the other Amniotes is more highly differentiated and 
modified than that of the lower Vertebrates, the Amphibia, and 
Eishes. But, as the one has arisen phylogenetically from the other, 
we must assume that in the former no less than the latter the skull 
was originally formed from the sclerotomes of a number of (at least 
nine) head-somites. 

While the typical segmentation of the Vertebrate body is always 
obvious in the episcmm or dorsal body, and is clearly expressed in 
the metamerism of the muscular plates and vertebras (myotomes 
and sclerotomes), it is more latent in the hyposoma or ventral 
body. Nevertheless, these ventral hyposomites of the vegetal half 
of the body are not less important than the episomites of the 
animal half. The segmentation in the ventral cavity affects the 
following principal systems of organs : 1. The gonads or sex-glands 
(gonotomos) ; 2. The nephridia or kidneys (nephrotomes) ; and 3. 
The head-gut with its metamerous gill-clefts (branchiotomes) . 
(Plate VII., Fig. 12.) 

The metamerism of the hyposoma is less conspicuous because in 
aU the Oraniotes the gonocmls — ^the cavities of the ventral seg- 
ments, in the walls of which the sexual products are developed — 
have long since coalesced, and formed a single large body-cavity, 
owing to the disappearance of the partition. This cenogenetic 
process is so old that the metacoel in the lateral plates of the 
Craniota has everywhere the appearance from the first of a simple 
unsegmented cavity, and that the rudiment of the gonads also is 
almost always unsegmented. It is the more interesting to learn 
that, according to the important discovery of Euckert, this sexual 
structure is at first segmental even in the actual Selachii, and the 
several gonotomes only blend into a simple sexual gland on either 
side secondarily. 

Amphioxus, the sole surviving representative of the Acrania, 
once more yields us most interesting information ; in this case the 
sexual glands remain segmented throughout life, and so do the 
ventral body-cavities. The sexually mature lancelet has, on the 
right and left of the gut, a series of metamerous sacs, which are 
filled with ova in the female and sperm in the male. These seg- 
mental gonads are originally nothing else than the real gonotomes, 
separate body-cavities, formed from the hyposomites of the trunk. 
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The reason why they have hitherto generally been misunderstood, 
and the Amphioxns has wrongly been credited with a simple body- 
cavity, is that the latter has been confused with the large peri- 
branchial space. 


The gonads are the most important segmental organs of the 
hyposoma, in the sense that they are phylogenetically the oldest. 
We find sexual glands (pouch-like appendages of the gastro-canal 
system) in most of the Ocelentera, even in the Cnidaria (Medusae), 
which have no nephridia. The latter appear first (as a pair of 
prorenal canals or excretory tubes) in the Platodes (Turbellaria), 
and have probably been inherited from these by the Articulates 

(Annelids) on the one hand and 



the unarticulated Prochordonia 
on the other, and from these 
passed to the articulated Verte- 
brates. The oldest form of the 
renal system in this stem are 
the segmental pronephridia or 
the metamerous prorenal 
canals, in the same arrange- 
ment as Boveri found them in 
the Amphioxus. They are small 
canals that lie in the frontal 
plane, on each side of the 
chorda, between the episoma 
and hyposoma (Eig. 176 n) ; 
their internal funnel-shaped 


Fig. 176 — Transverse section of the 
trunk of a primitive Vertebrate 
pcnulvhts). a aorta, h lateral turrow (pro- 
renal duct), (I small intestine, f swimiiim(» 
fringe of the skin, t muscular cavity (dorsal 
coelom-pouch), mu muscles, ii renal canals, 
0 outer skin, r spinal marro\v, « sexual glands 
(gonads), t oonum, v principal vein, x chorda 


opening leads into the various 
body-cavities, their outer open- 
ing is the lateral furrow of the 
epidermis. Originally they 
must have had a double func- 


tion, the carrying away of the 
urine from the myoooel of the episomites and the release of the 
sexual cells from the gonocoel of the liyposomites 

Tho recent investigations of Ruckert and Van Wijlie on the 
inesodermic segments of the trunk and tlie excretory system of the 
Selaolni show that these primitive fishes ” are closely related to the 
Amphioxus in tliis further respect. Tlie transverse section of the 
slmrk-emliryo in lig. 108 shows the dorsal and ventral halves of the 
cmloni-pouclies still openly connected. In the middle of the section, 
m the frontal axis, the narrow myoooel (or cleft-like “ muscular 
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cavity” of the dorsal segment) passes by a narrow connecting 
channel {vh) directly into the wide gonocoel [lli) or the body-cavity 
of the ventral segment, from the epithelium of which sexual cells 
develop. The narrow connecting channel (?;&) becomes the prone- 
phridium, or prorenal canal, which carries away the excretory 
products of both body-cavities (the urine of the dorsal muscular 
cavity and the sexual cells of the ventral sexual cavity). Afterwards 
(Eig. 169) the two cavities are divided by a partition. Then the 
inner opening of the renal canal only leads into the lower ventral 
cavity. The outer opening was in the surface of the outer skin, 
probably in the lateral furrow of the epidermis, from which the 
prorenal duct develops in theCraniotes by constriction (Fig. 171 %mg). 
In the Amphioxus, as Boveri discovered, they still open in the corre- 
sponding part of the secondary “ mantle-cavity.” 

In other higher Vertebrates, also, the kidneys develop (though 



y md j) lea kg ks 7i I 


Fig. 177 —Optical longitudinal section of the primitive Vertebrate (ProapoMylus). 
a aorta, of anus, au eye, d small intestme, e pariet^ eye (epiphysis), / floating border of 
skin, a auditory vesicle, gli brain, h heart, fc gUl-gut, ka branchial (gill) artery, kg brancniai 
vascular arches, ks gill-clefts, I liver, ma stomach, md mouth, ms muscles, na nose 
(olfactory pit), o outer skin, p gullet, » spinal cord, s sexual glands (gonads), t conum, 
V principal vein, x chorda, y hypophysis (pituitary appendage). 


very differently formed later on) from similar structures, which have 
been secondarily derived from the segmental pronephridia of the 
Acrania. The parts of the mesoderm at which the first traces of 
them are found are usually called the middle or mesenteric plates, 
and their segmental parts mesoinera. As the first traces of the 
gonads make their appearance in the coelous epithelium of these 
middle plates nearer inward (or the middle) from the inner funnels 
of the nephro-oanals, it is better to count this part of the mesoderm 
with the hyposoma. 

The chief and oldest organ of the vertebrate hyposoma, the 
alimentary canal, is generally described as an unsegmented organ. 
But we could just as well say that it is the oldest of all the 
metamerous organs of the Vertebrate; the double row of the coelom- 
pouches grows out of the dorsal wall of the gut, on either side of the 
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chorda. In the brief period during which these segmental coelom- 
pouches are still openly connected with the gut, they look ]ust like 
a double chain of metamerous visceral glands. But, apart from this, 
we have originally in all Vertebrates an important articulation of the 
fore-gut, that is wanting in the lower gut, the segmentation of the 
branchial gut, or “ branchiomerism.” 

The giU-clefts, which originally in the older Acrania pierced the 
wall of the fore-gut and the gill-arches that separated them, were 
presumably also segmental, and distributed among the various 
metamera of the chain, like the gonads in the after-gut and the 
nephridia (Fig. 177 ks). In the Amphioxus, too, they are still 
segmentally formed. Probably there was a division of labour of the 
hyposomitos in the older (and long extinct) Acrania, in such wise 
that those of the fore-gut took the function of breathing and those 
of the after-gut reproduction. The former developed into gill- 
pouches, the latter into sex-pouches. There may have been prone- 
phridia in both. Brancliiomerism is so much changed in the living 
Vertebrates, and so reduced in the Amniotes, that it has been denied 
altogether by some scientists. Moreover, in the Amniotes their 
respiratory function lias disappeared. Nevertheless, certain pai*ts of 
them have been generally maintained in the embryo by a tenacious 
heredity. 

At a very early stage we notice in the embryo of man and the 
other AmnioteH, at each side of the head, tlie remarkable and 
important Htriictiires whicli we call the gill-arclies and gill-clefts 
(Plates Virr.-Xlll., Figs. 17H--181/). Tliey belong to the 
characteristic and inalienable organs of the amnioto-onil)r>o, and are 
found always in the same spot and with tlie same arrangement and 
structure There are formed to tlie right and left in tlie lateral wall 
of the loro-gut cavity, in its foremost part, first one jiair and then 
several pairs of sac-shaped inlets, tliat pierce the whole tlnckness of 
tlie lateral wall of the heail. They are thus converted into c-lefts, 
through which one can penetrate freely Irom witlioui into the gullet. 
The wall thickens hetw'oen those hraiichial folds, and changes into 
an arch-like or crescent-shaped piece — tlie gill, or gullet-arch. In 
this the muscles and skeletal parts of the hranchial gut separate , a 
hlood-vessel arch arises afterwards on their inner side (Fig 177 ka). 
The mimher of the branchial arches and the clefts that alternate 
with tliem is four or live on each side m the higlier Vertebrates 
(Fig bSl <■/,./,/',/")• Ill some of the fishes (Selachii) and in the 
C>clust()iiies wo fiml six or seven of them permanently. 

These remarkahlo structures had originally the function of 
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respiratory organs— gffls. In the fishes the water that serves for 
breathmg and is taken in at the mouth still always passes out by 



Middle brain 

Pore brain 

Olfactory pit 

Arch of upper jaw 
Arch of lower jaw 

Spout-hole (first 
gill-cleft) 

Gills 


Fig. 178. — Hoad of a shark embryo (Pristiiirus), eight mm. long, magnified twenty 
times (From Fa j 1:^7- ) Seen from the ventral side 



Fig 179 Pig 180 


Pigs 179 and 180 —Head of a chick embryo, of 
tlio thud da^. Fig 179tiom the tiont. Fig 180 tioiu 
the right ii i ucliiiientdrj nose (oltactor\ pit), I ludi- 
iiientarv eve (optic pit, leus-caviti ), a ludimeutaiv eai 
(auditory pit), v tore-brain, ul eie-clett Ot the three 
pairs ot gill-arches the first has passed into a piocess 
of the iippei jaw (o) and ot the lower jaw («) (Fiom 
KoUilet ) 



Fig 181 


Fig. 181 —Head of a dog embryo, seen tiom the front a the tw'o lateral halves of 
the toiemost ceiebial \ehicle, h rudiiiieutarv o\e, c middle cerebral vesicle, d e flist pair of 
gill-arches ((‘ uppei-jaw piocess, d lowei-jaw' process), f, f\ /" second, third, and fourth 
pans ot gill-arches, <i h i k lioart (g light, h lott auricle, i left, fc nght ventricle), I origin of 
the aorta with three i)aiis ot aiches, which go to the gill-arches (From Bis<clioff ) 
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the branchial clefts at the sides of the gullet. In the higher Verte- 
brates they afterwards disappear. The branchial arches are con- 
verted partly into the jaws, partly into the bones of the tongue and 
the ear. From the first gill-cleft is formed the tympanic cavity of 
the ear. (Of. Plates I., VIII.-XIII., first and second row.) 

The primary segmentation of the Vertebrate body, which proceeds 
from the primitive segments of the mesodeiTu, affects most of its 
chief systems of organs : in the episoma especially the muscles and 
skeleton, in the hyposoma the kidneys and gonads and the branchial 
gut. Then there is a secondary articulation of other systems of 
organs, which is dependent on and determined by the preceding one. 
Thus we have in the later stages the development of a segmental 
arrangement of the peripheral nerves and blood-vessels ; the one 
starts from the episoma, the other from the hyposoma. Especially 
important is the fact that in man and all other Vertebrates the 
psychic organ is subject to this “ secondary metamerism.” It is 
readily recognisable in the human embryo in the fourth week, the 
ectodermic nerve-roots connecting with the corresponding meso- 
dermic muscle-plates of the provertebrae (Fig. 182). 

There are few parts of the vertebrate organism that are not 
subject to metamerism, like the outer covering or integument of the 
body. The outer skin (epidermm) is unsegmented from the first, 
and proceeds from the uniformly disposed horny plate. Moreover, 
the underlying ciitis is also not motainerous, although it develops 
from the segmental structure of the cutis-plates (or lateral laminse 
of the episomitcs, Figs 108, 109 cp). The Vortelirates are strikingly 
and profoundly diffwont from the Articulate.s in tho.so res])ects also. 

Further, most of tlio Vortebmtes still have a number of unarti- 
culated or monomeric organs, whicli have arisen locally, by adapta- 
tion of particular parts of the l)ody to certain special functions. Of 
this character are the sense-organs in the episoma, and the limbs, 
the heart, the spleen, and tlie large visceial glands — lungs, liver, 
pancreas, etc. — m the hyposoma The heait is originally only a 
local spindle-shaped enlargement of the large ventral blood-vessel or 
])rincipal vein, at the point where the suhiiitostmal passes into the 
branchial artery, at tlie limit of the head and trunk (Figs 181, 182). 
The tin 00 higher sense-organs — nose, eye, and ear — were originally 
tleveloped m the same form in all the Graniotes, as three pairs of 
small (lei)ressions in the skin at the side of the head. 

The organ of smell, tlie nose, has the appearance of a pair of 
small pits above tho mouth-aperture, in front of the head (Fig. 180 
The oigan of sight, the eye, is found at the side of the head, also in 
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the shape of a depression (Figs. 180 I, 181 6), to which eon-esponds 
a considerable vesicular hollowing of the foremost cerebral vesicle 
on each side. Farther behind, at each side of the head, there is a 


a 



m 


Fia Human embryo of the fourth week (twentj-six dajB old), six mm. long, 
raagnifled twenty times (From Moll ) The rudiments ot the ceiebial nerves and the 
loots ot the spinal nerves are especially marked. Underneath the four gill-arehes (left 
side) IB the heart (with auricle, V, and ventricle. A'), under this again the liver (i). a 
Kolling-muscle nerve (IV. Trochlearib) b Optic-muscle neive (III Ociilomoto} lun), c 
Tiigeiiunal neive (V Triaeminus) d Umbilical cord (undeineath it the tail, bent 
upwards) e Point of development ot theliind-leg / Kudimeut of eeu'dabj-rinthic vesicles), 
f/ Pneumogastric neiwe (X V(i(/us). It Terminal iier\e (XI AccfUftonnii), z Hypoglossary 
nerve (XII Hijiioylohbiia) 3 First spinal nerve A. Point ot development of arm (or fore- 
leg) I True spinal nerve m Tv eutieth spinal nerve. 

third deiDression, the first trace of the organ of hearing (Fig. 180 g). 
As yet w^e can see nothing of the later elaborate structure of these 
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organs, nor of the characteristic build of the face (cf. Plate I,, 
Figs. 1-6). 

When the human embryo has reached this stage of development, 
it can still scarcely be distinguished from that of any other higher 
Vertebrate (cf. Plate I. and p. 302). All the chief parts of the body 
are now laid down : the head with the primitive skull, the rudiments 
of the three higher sense-organs and the five cerebral vesicles, and 
the gill-arches and clefts ; the trunk with the spinal cord, the rudi- 
ment of the vertebral column, the chain of metamera, the heart and 

chief blood-vessels, and 
the kidneys. At this stage 
man is a higher Verte- 
brate, but shows no essen- 
tial morphological differ- 
ence from the embryo of 
the Mammals, the Birds, 
the Reptiles, etc. (cf.p. 302, 
Plates VIII.-XIII., top 
row). This is an onto- 
genetic fact of the utmost 
significance From it we 
can gather the most im- 
portant phylogenetic con- 
clusions. 

There is still no trace of 
the limbs. Altliougli head 
and trunk are separated 
and all the principal inter- 
nal organs are laid down, 
there is no indication 
whatever of the “ extrem- 
ities ” at this stage; they 
are formed later on. Here 
again wo have a fact of the 
utmost interest. It proves that the older Vertebrates liad no feet, as 
we find to-day in the lowest living Vertelirates (Anqihioxus and the 
Cyclostomes). Tlie descendants of these ancient footless Vertebrates 
only acquired extremities — two fore-legs and two hind-legs — at a 
mucli later stage of development. These were at first all alike, 
thougli they afterwards vary considerably in structure — becoming 
fins (of breast and lielly) in the fishes, wings and legs in the birds, 
fore and liind legs in the creeping animals, arms and legs in the apes 



Fig, 1S3 —Transverse section of the shoulder 
and tore-liiub (wuiHlof a cUu!k-oiiil)i\o ot the tonith 
dav, magnifloii about twenty timen nosule the 
uiedullai'V tube we can see on each side three deal 
streaks in the dark doisal wall, which ad\ anco into the 
rudiineutarv toie-liuib or wui« (t). The upDoiuiost 
of them IS the nuiscnlar plate, the uuddle is tho 
hind and the lowest tho fore root ot a spinal iierie 
Under the chorda in the middle is tho simjlo auita, 
and at each side ot it a caidmal \om, and below 
these the primitive kidneys The Kiit is almost 
closed. The ventral wall advances into the amnion, 
which encloses the embryo (Fioin liemak.) 
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and man. All these parts develop from the same simple original 
structure, •which forms secondarily from the trunk--wall (Figs. 183, 
184). They have always the appearance of two pairs of small buds, 
which represent at first simple roundish knobs or plates. Gradually 
each of these plates becomes a large projection, in which we can 
distinguish a small inner part and a broader outer part. The latter 
is the rudiment of the foot or hand, the former that of the leg or 
arm. The similarity of the original rudiment of the limbs in different 
groups of Vertebrates will be seen on Plates VIII.-XIII. 

How the five fin- 

structure of the ^ 

limbs can be seen J ~ 

in the instance of 

the lizard in Fig. « B jSf 

185. They are IMfW 

formed in just the ^ 

same way in man ; 5~ «Iii£fl B M liti» 

in the human em- /. feliitttB H 

bryo of five weeks ^ 

the five fingers can . 

clearly be distin- ^ 

guished within the 

fin-ifiate (Fig. 186). 

rrn „ . r 1 .s4. 1 V — Transverse section of the pelvic region and 

1 ue Caieiui Stiuuy hmd legs of a chick-embrs'o of the fourth dav, magmfled 
rtf about forty times. 7 i hom-plate. w meduUarj' tube, 7 i canal 
and comparison Ot the tube, 71 primitive kidnejB, x chorda, e hmd lega, b 

vri o n rtTv, V.T*trrt Q alUutoio Canal in the ventral wall, t aorta, v cardinal veins, 
numan emoiyos (*ut, d gut-giand-layer, f gut-ftbre-laj ei , 4 j embrj onic epithe- 

With those of other or ccelom (From 

Vertebrates at this 

stage of development is very instructive, and reveals more mysteries 
to the impartial student than all the religions in the world put 
together. For instance, let us compare attentively the three suc- 
cessive stages of development that are represented, in twenty 
different Amniotes, in the six following Plates (VIII.-XIII.). 
When we see that as a fact twenty different Amniotes of such 
divergent characters develop from the same embryonic form, we 
can easily understand that they may all descend from a common 
ancestor. 






Fig. 184 — Transverse section of the pelvic region and 
hmd legs of a chick-embrs'o of the fourth dav, magmfled 
about forty times. 7 t hom-plate, w medullarj' tube, 7 i canal 
of the tube, 71 primitive kidnej b, x chorda, e hmd lega, b 
allantoic canal in the ventral wall, t aorta, v cardinal veins, 
<t gut, (I gut-giand-layer, f gut-fibre-laj ei , 0 embrj onic epithe- 
lium, r dorsal muscles, 0 bodj -cavity or coelom (From 
Witideyer.) 
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In the first stage of development (the first row, I.), in which 
the head with the five cerebral vesicles is already clearly indi- 
cated, but there are no limbs, the embryos of aU the Vertebrates, 



Ficf IH.').— Development of the lizard’s legs (Lncerta aqiliH), -with Kiiooial relation to 
their l)]oo(l-vessolh 1, 3, 5, 7, f), 11 right fore-leg, 13, 15 lett fore-leg, 3, 4, (>, H, 10, 13 right 
hind-leg, 7/, lett hmd-log, iS'-BF lateral veins of the trunk, VU umbilical vein. (From 
F Hodtslfticf ) 


from the fish to man, are only incidentally or not at all different 
from each other. In the second stage (the middle row, II.), which 
shows the limbs, we begin to see differences between the embryos 
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of the lower and higher Vertebrates; but the human embryo is 
still hardly distinguishable from that of the other higher 



Pig. 186. — Human embryo, five weeks old, eleven mm. long, seen fiom the right, 
magnified ten times (Prom Russel Bardeen and Harmon Lewis ) In the undissected 
head we see the eye, mouth, and ear. In the trunk the skin and part of the muscles have 
been removed, so that the cartilaginous vertebral column is free, the dorsal root of a 
spinal nerve goes out from each vertebia (towards the skin of the back). In the middle of 
the lower halt of the figure part of the ribs and intercostal muscles are visible The skin 
and muscles have also been removed from the right limbs ; the internal rudiments of the 
five fingers of the hand, and five toes of the toot, are eleailv seen withm the fin-shaped 
plate, and also the strong network of nerves that goes from the spmal cord to the extremi- 
ties. The tail projects under the foot, and to the right of it is th e first port of the umbihoal 
cord. 


In the third stage (lowest row, III.), in which the gill- arches have 
disappeared and the face is formed, the differences become more 
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pronounced. These are facts of a significance that cannot be 
exaggerated.^ 

If there is an intimate causal connection between the processes 
of embryology and stem-history, as we must assume in virtue of 
the laws of heredity, several important phylogenetic conclusions 
follow at once from these ontogenetic facts. The profound and 



V cr n 

Fia. 187 



Fift 188. 


PiGB. 187-Q —Embryos of the bat 
munnus) at threo diffiTrnt htaKes. (From (hvai' 
Schultze ) Fi« 187. Kxxdiinentiirv limlw (v 
h hind-letf). Z lenticular cloprehsion, r nlfac*tor\ jiiL, 
o\' upper jaw, u\ lower jai\, As, fr„, /.'i tiiht, m'ccukI, 
and thud «i]l-ai*clieH, a ainniDti, u iimbihcal \i'hsi*l, tl 
yollt-sac Fifi IHH lluduncnt ot fliinti inciiihraiio, 
lucmbi’anous told lictuccii fore and I'liul lt‘j{ h 
umbilical veasol, n car-(>i«>iuiijf, 1 ttiniri mciiibvaiu'. 
Pif,' 189 The fljiuj,' monibrniu' drioloin'd and 
fitrotohed aciohj, tbo tiniicih nt the lifti)d.s, iiliidi eoier 
the taco 


remarkable Himilavity in iho enihryonic 
development of man and ilu*- otlier Verio- 
brates can only bo explained \\lien \\e 
admit their descent from a common iin- 
CGstor. As a fact, this common descent 
is now accoi>tod liy all competent scien- 



Fio IHi) 


tists, they have substituted natural evolution for the supernatural 


creation of organisms. 
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EXPLANATION OE PLATES VIII.-XIII. 


Six comparative plates of twenty Amniote-embryos of fifteen 
different orders. 


The six plates Vm.— XIII. show the more or less significant similarity that 
exists, in respect of most important structural features, between the human 
embryo and the embryo of the higher Vertebrates (Amniotes) in the earlier 
periods of development. The similanty is closer the earlier the stage of develop- 
ment at which we compare them. It persists the longer the closer is the stem- 
relation between the various animals, in harmony with the “ law of the ontogenetic 
oormection of related forma ” (see foUowmg Chapter) . 

Plates VIII., IX., and X represent the embryos of nine difierent Sauropsids 
— six reptiles and three birds — at three different stages. 

Plates XI., XII., and XUI. show the embryos of eleven different Mammals of 
the three corresponding stages. The conditions of the three different stages, 
represented by the three rows (I., II., HI.), are chosen so as to correspond as 
closely as possible. 

The first (top) row, I., represents an early stage, with gill-olefts, without legs. 
The second (middle) row, II., shows a somewhat later stage, with the first traces 
of the legs, still with gill-clefts. The third (bottom) row represents a still later 
stage, with more advanced legs, after the disappearance of the gill-clefts. The 
envelopes and appendages of the embryo (amnion, yolk-sac, allantois) are omitted. 
The whole of the sixty figures are slightly magnified, the lower ones less than the 
upper. They have been almost reduced to a common size for the purpose of 
comparison. All the embryos are looked at from the left : the head-end is upward, 
the tail-end below, the curved back turned to the right. The letters have the 
same meaning in all the sixty figures; v Fore-brain, z intermediate-bram, 
on middle-brain, h hmd-brain, oi after-brain, r spinal cord, e nose, a eye, o ear, 
k gill-arches, c heart, oo vertebral column, / fore leg, 6 hind leg, s tail. 


1. Primitive reptile {Hatieria) D. 

2. Lizard {Laceota) E. 

8. Serpent {Coluheo') A. 

4. Crocodile {Alligator) K. 

5. Tortoise (Chelone) T. 

6. Turtle {Trionyx) J. 

7. Hen {aallus)'G. 

8. Kiwi {Apteryx) Y. 

9. Ostrich {Stroithio) Z. 

10. Anteato {Echidoia) V. 


11. Opossum {Didelphys) B. 

12. Dolphin {PTwccena) JP. 

13. Pig {Sm) S. 

14. Goat {Capreolus) C. 

16. Ox {Bos) B. 

16. Dog {Caoiis) H. 

17. Bat {Blnnolophus) F. 

18 Hare {Lepiis) L. 

19 Gibbon {Hylobates) N. 
20. Man {Homo) M. 
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FOURTEENTH TABLE 


SYNOPSIS OF THE FQNDAMENTAL ANTITHESIS IN THE 
OEGANISATION AND SEGMENTATION OF THE 
VERTEBRATES AND ARTICULATES 


Vertebration of the Vertebrates 

(Acrania and Oraniota). 


1. Epidermis without Cutieula, 

not articulated, vnthout chitme- 
covering. 

2. Skeleton axial with Chorda 

and chorda-sheath. 

(Internal ajaal skeleton.) 

8. Musculature periskeletal 

(formed from the wall of the hollow 
ccslom-pouches, with myocoel). 

4. Nervous centre dorsal, origi- 
nally unarticulated (spinal marrow). 
(Simple medullary tube ) 

6. Heart ventral, un.smg from the 
ventral vewsol of the Veiinaha. 

6. Gut with g-ill-ehamber (head-gut 

converted into a gill-pannier, with 
gill-clefts and hjpobranchial groove). 


7. Nephridia, ongmally segmental, 
with mjocoel-connection, and with 
primary proional duct. 

8. Gonads, Oiigmallv segmental, 
fonned from the ViSCeral meso- 
blast. 

9. Body-eavlties (right and left) early 
diMdod In a frontal septum mto 
a dorsal myoccol and a ventral 
gonocoel (episomitc.s and hyposo- 
mites). 


Articulation of the Articulates 

(Annelida, Crustacea, Traoheata). 

1. Epidermis with eutieular mail 

(composed of ohitine, articulated). 


2. Skeleton tegmental, without 
chorda and without chorda-sheath. 

(External eutieular skeleton.) 

3. Musculature endoskeletal 

(formed from sohd mesodermio 
streaks, without myoccel). 

4. Nervous centre ventral, origi- 

nall\ articulated (ventral marrow). 
(Double chain of vontitil ganglia.) 

5. Heart dorsal, developing from the 
dorsal vessel of the Vermalia. 

6 Gut without gill-chamber (head- 

gut never with gill-clefts ; hypo- 
branchial gioovo wanting in all tne 
Articulates). 

7. Nephridia, originally segmental, 
without myoccnl-connection, and 
without primary proienui duct. 

8. Gonads, originally segmental, 
fonned irom the parietal meSO- 
blast. 

9. Body-cavities (right and left) 
without frontal septum ; hence 
no division into dorsal episomites 
and ventral hyposoinites ; no anti- 
thesis of dorsal and ventral body. 
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CHAPTER XV- 


FGETAL MEMBEANES AND OIEOULATION' 

The mamraal-organisation of man. Man has the same structure as all the other 
Ma mm als, and his embryo develops in the same way as that of the other 
higher Vertebrates. The law of the ontogenetic connection of related forms. 
Application of it to man. Shape and size of the human embryo in the first 
four weeks. The human embryo is almost completely like that of other 
Mammals in structure in the first month. In the second month certain 
notable differences begin to appear. The appendages and envelopes of the 
human embryo. Yolk-sac or umbilical vesicle. Allantois or unnary sac. 
Placenta. Ventral pedicle and peculiar placentation of man and the 
anthropoid apes Amnion and serolemma (serous membranes). Exocoelom. 
The heart, the first blood-vessels, and the blood are formed from the gut-flbre- 
layer. Vascular layer and mesencyhma. The heart separates from the wall 
of the fore-gut. Double structure of the heart m the Amniotes cenogeneiic. 
The first embryonic circulation in the gorminative area : vitelline arteries and 
veins. The second embryonic circulation in the allantois : umbihcal artenes 
and veins. Sections of human embryology. 

Among the many interesting phenomena that we have encountered 
in the course of human embryology, there is an especial importance 
in the fact that the development of the human body follows from the 
beginning just the same lines as that of the other viviparous 
Mammals. As a fact, all the embryonic peculiarities that dis- 
tinguish the Mammals from other animals are found also in man ; 
even the ovum with its distinctive membrane {zona %>ellucida, Fig. 14) 
shows the same typical structure in all Mammals (apart from the 
older oviparous Monotremes). It has long since been deduced from 
the structure of the develoiied man that his natural place in the 
animal kingdom is among the Mammals. Linn6 (1735) placed him 
in this class with the apes, in one and the same order {Primates), in 
his Systemii natnree. Tins position is fully confirmed by comparative 
embryology. We see that man entirely resembles the higher 
Mammals, and most of all the apes, in embryonic development as 
well as in anatomic structure. And if we seek to understand this 
ontogenetic agreement, in the light of the biogenetic law, we find 

1 Ct. Sir W. Tiarnor “Home fjeneral observations on the placenta, with especial 
reference to the theory ot evolution,” JVimj i»rti of Anaf anti Fliysiol, (1877); and 'On the 
placentation ot the apes, with a comparison with that of the human female,” Flitlos. 
Trans , 1878. vol 169, 
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that it proves clearly and necessarily the descent of man from a 
series of other Mammals, and proximately from the Primates. The 
common origin of man and the other Mammals from a single ancient 
stem-form can no longer be questioned; nor can the immediate 
blood-relationship of man and the ape. 

The essential agreement in the whole bodily form and inner 
structure is still visible in the embryo of man and the other Mammals 
at the late stage of development at which the mammal-body can be 
recognised as such (Of. Plates YIII.-XIII., second row.) But at 
a somewhat earlier stage, in which the limbs, gill-arches, sense- 
organs, etc., are already outlined, we cannot yet recognise the 
mammal embryos as such, or distinguish them from those of birds 
and reptiles (Plates "VIII.— XIII., top row). When we consider still 
earlier stages of development, we are unable to discover any essential 
difference in bodily structure between the embryos of these higher 
Vertebrates and those of the lower, the Amphibia and Pishes. If, in 
fine, we go back to the construction of the body out of the four germ- 
layers, we are astonished to perceive that these four layers are the 
same in all Vertebrates, and everywhere take a similar part in the 
building-up of the fundamental organs of the body. If we inquire 
as to the origin of these four secondary layers, we learn that they 
always arise in the same way from the two primary layers ; and the 
latter have the same significance in aU the Metazoa all animals 
except the unicellulars). Finally, we see that the cells which make 
up the primary germ-layers owe their origin in every case to the 
repeated cleavage of a single simple cell, the stem-cell or fertilised 
ovum. 

It is impossible to lay too much stress on this remarkable agree- 
ment in the chief embryonic features in man and the other animals. 
We shall make use of it later on for our monophyletic theory of 
descent — the hypothesis of a common descent of man and all the 
Metazoa from the Gastraea. The first rudiments of the principal 
parts of the body, especially the oldest organ, the alimentary canal, 
are the same everywhere , they have aUvays the same extremely 
simple form. All the peculiarities tliat distinguish the various groups 
of animals from each other appear only gradually in the course of 
emliryonie development ; and the closer the relation of the various 
groups, tlie later they are found. We may formulate this pheno- 
menon in a definite law, which may in a sense be regarded as an 
appendix to our biogenotio law. This is the law of the ontogenetic 
connection of related animal forms. It runs : The closer the relation 
of two fully-developed animals in respect of their whole bodily 
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structure, and the nearer they are connected in the classification of 
the animal kingdom, the longer does their embryonic form retain its 
identity, and the longer it is impossible (or only possible on the 
ground of subordinate features) to distinguish between their embiyos. 
This law applies to all animals whose embryonic development is, in 
the main, an hereditary summary of their ancestral history, or in 
which the original form of development has been faithfully preserved 
by heredity. When, on the other hand, it has been altered by 
cenogenesis, or disturbance of development, we find a limitation of 
the law, which increases in proportion to the introduction of mew 
features by adaptation (cf. Chapter I., pp. 6-8). Thus the apparent 
exceptions to the law can always be traced to cenogenesis. 

When we apply to man this law of the ontogenetic connection of 
related forms, and run rapidly over the earliest stages of human 
development with an eye to it, we notice first of all the morpho- 
logical identity of the ovum in man and the other Mammals at the 
very beginning (Figs. 1, 14). The human ovum possesses all the 
distinctive featmes of the ovum of the viviparous Mammals, especially 
the characteristic formation of its membrane (zona pellucida) , which 
clearly distinguishes it from the ovum of all other animals. When 
the human foetus has attained the age of fourteen days, it forms a 
globular vesicle (or “ embryonic vesicle ”) of about four millimetres in 
diameter. A thicker part of its border forms a simple sole-shaped 
embryonal shield two millimetres long (Fig. 199). On its dorsal side 
we find in the middle line the straight medullary furrow, bordered 
by the two parallel dorsal or medullary swellings. Behind, it 
passes by tlie neurenteric canal into the primitive gut or primitive 
groove. From this the invagination of the two cmlom-pouches 
proceeds in the same way as in the other Mammals (cf. Figs. 99, lOO). 
In tliG middle of tlie sole-shaped embryonal shield the first primitive 
segments immediately begin to make their appearance. At this age 
the human embryo cannot be distinguished from that of other 
Mammals, such as the rabbit or dog. 

A week later (or after the twenty-first day) tlie human embryo 
lias douliled its length ; it is now about five millimetres long, and, 
when seen from the side, shows the characteristic bend of the back, 
the swelling of the head-end, the first outline of the three higher 
sense-organs, and the rudiments of the gill-clefts, which pierce the 
sides of the neck (Fig 191, III.; Plate XIII., Fig. MI). The 
allantois has grown out of the gut behind. The embryo is already 
entirely enclosed in tlie amnion, and is only connected m the middle 
of the belly by the vitelline duct with the embryonic vesicle, which 
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changes into the yolk-sac. There are no extremities or limbs at this 
stage, no trace of arms or legs. The head-end has been strongly 
differentiated from the tail-end ; and the first outlines of the cerebral 
vesicles in front, and the heart below, under the fore- arm, are already 
more or less clearly seen. There is as yet no real face. Moreover, 
we seek in vain at this stage a special character that may distinguish 
the human embryo from that of other Mammals (cf. the figures in 
the top row on Plates VIII.-XIII.). 

A week later (after the fourth week, on the twenty- eighth to 

thirtieth day of deve- 
lopment) the human 
embryo has reached 
a length of four to 
five lines, or about 
a centimetre (Eig. 
191, IV.; Plate XIII.. 
Eig. Mil.). We can 
now clearly distin- 
guish the head with 
its various parts ; 
inside it the five 
primitive cerebral 
vesicles (fore-brain, 
middle-brain, inter- 
mediate-brain, hind- 
brain, and after- 
brain) ; under the 
head the gill-arches, 
which divide the 

gill-clefts ; at the 
Fm. ioo.-^andal - shaped human embryo (or F,oie- qiVIoq UqcI 

shaped embnonal shield), two mm, lontf, of the second SlCleS 01 tlie iiead tlie 
week)Of development. (Cf Plates IV. and V ) (FromCount rudiments of tlie 

eyes, a couple of pits 

in the outer skin, with a pair of corresponding simple vesicles 
gi’owing out of the lateral wall of the fore-brain (Pigs. 192, 193 a). 
Ear lieliind the eyes, over the last gill-arches, we see tlie vesicular 
rudiment of tlie organ of hearing The rudimentary limbs are now 
clearly outlined — four simple buds of the shape of round plates, a 
pair of fore (vg) and a pair of hind legs (//{/), the former a little 
larger than the latter. The large head bends over the trunk, almost 
at a right angle. The latter is still connected in the middle of its 
ventral side with the embryonic vesicle ; but the embryo has still 
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further severed itself from it, so that it already hangs out as the 
yolk-sac. The hind part of the body is also very much curved, so 
that the pointed tail-end is directed to'wards the head. The head 
and face-part are sunk entirely on the still open breast. The bend 
soon increases so much that the tail almost touches the forehead 
(Eig. 191, V.; Eig. 193). We may then distinguish three or four 
special curves on the round dorsal surface — ^namely, a skull-curve in 
the region of the second cerebral vesicle, a neck-curve at the begin- 



Kut -Human embryos from the second to the fifteenth week, natural size, 
Boun tioiii tho left, thf our\ 0(1 hack turned towardH the rifflit (Mostly h oiii ) II of 

foiutoon (hus. 111 ot tliroc! weeks IV of tour weeks V ot ft \o weeks VI ot six weeks. 
VXI of hO\ou weeks Vlll ot eih'lit weeks XII ot twelve weokK XV. of fifteen w'eoks. 


ning of the spinal cord, and a tail-curve at the fore-end. This 
pronounced curve is sliared only by man and the higher classes of 
Vertebrates (the Ainniotes) ; it is much sligliter, or not found at all, 
in the lower Vertebrates. At tliis age (four weeks) man has a 
considerable tail, twice as long as liis legs. A vertical longitudinal 
section through the middle plane of this tail (Fig. 194) shows that 
the hinder end of the spinal marrow extends to the point of the tail, 
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as also does the underlying chorda (c^), the terminal continuation of 
the vertebral column. Of the latter, the rudiments of the seven 


lea SI v> 



Pio 192.— Very young human embryo of the fourth week, six mm long (taken from 
the womb of a suicide eight hours after death) (From Babl.) n nasal pits, a eye, u l 9 wer 
jaw, « arch of bone of tongue, fej and fc* third and fourth gill-arch, h heart, s primitive 
segments, vg fore-limb (arm), hg hmd-hmb (leg), between the two the ventral pedicle. 



Pig iq3.— Human 1 embryo of the middle of the fifth week, nine mm long, (Prom 
Babl ) Letters as in Pig 192, except ak bend of skull, ok upper jaw, lib neck-indentation. 
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coccygeal vertebrae are visible— thirty-two indicates the thii-d and 
thirty-six the seventh of these. Under the vertebral column we see 
the hindmost ends of the two large blood-vessels of the tail, the 
principal artery {aorta caudalis or arteria sacralis media, Ao), and the 
principal vein {vena caudalis or sacralis media). Underneath is the 
opening of the anus {an) and the urogenital sinus {S.ug). From this 
anatomic structure of the human tail it is perfectly clear that it is 



Fig 194.— Median longitudinal section of the tall of a human embryo fourteen 
mm. long. (From Boss Granville Harnson ) Med medullary tube, Ca HI caudal thread, 
ch chorda, ao caudal artery, F.c t. caudal vein, an anus. S «o sinus urogcnitahs. 


the rudiment of an ape-tail, the last hereditary relic of a long hairy 
tail, which has been handed down from our tertiary primate 
ancestors to the present day. 

It sometimes happens that we find even external relics of this 
tail growing. According to the illustrated works of Surgeon-General 
Bernhard Ornstein, of Greece, these tailed men are not uncommon ; 
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it is not impossible that they gave rise to the ancient fables of the 
satyrs. A great number of such cases are given by Max Bartels in 
his essay on “ Tailed Men (1884, in the Archiv filr Anthropologie, 
Band XV.), and critically examined. These atavistic human tails 
are often mobile; sometimes they contain only muscles and fat, 
sometimes also rudiments of caudal vertebras. They attain a length 
of 20-25 cm. and more. Granville Harrison has very carefully 
studied one of these cases of “pig-tail,” which he removed by 



Fig 193.— Tail Of a six months’ old boy, A slietchea out. B contracted, C diawn out. 
(From Granville Harribon ) 

operation from a six months’ old child in 1901. The tail moved 
liriskly wlien the child cried or was excited, and was drawn up when 
at rest (Fig. 195 A~C). 

In tlie opinion of many travellers and anthropologists, the 
atavistic tail-formation is hereditary in many isolated tribes 
(especially in south-eastern Asia and the archipelago), so that we 
might speak of a special race or “species” of tailed men {Homo 
caudatus). Bartels has “no doubt that these tailed men will be 
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discovered in the advance of onr geographical and ethnographical 
knowledge of the lands in question ” {Archiv fur Anthropologie, 
Band XV.. p. 129). 

When we open a human embryo of one month (Fig. 196), we 
find the alimentary canal formed in the body-cavity, and for the 
most part cut off from the embryonic vesicle. There are both mouth 
and anus apertures. But the mouth-cavity is not yet separated 



Fig 196 



Fig. 197 


Fig. 196.— Human em- 
bryo, four weeks old, 
opened on the ventral side. 
Ventral and dorsal walls 
are cut away, so as to show 
the contents of the pectoral 
and abdominal cavities. 
AlltheappendSiges are also 
removed (amnion, allan- 
tois, yolk-sac), and the 
middle part of the gut. n 
eye, 3 nose, 4 upper jaw, 6 
lower 3 aw, 6 second, 6" 
third gill-arch, ov heart (o 
right, o' left auricle: v 
right, v' left ventricle). & 
ongm of the aorta, / liver, 
(u umbilical vein), e gut 
(with vitelhne artery, cut 
off at a'),/ vitelline vein, 
m primitive kidneys, t rudi- 
mentary sexual glands, r 
terminal gut (cut off at 
the mesentery s), 71 umbili- 
cal artery, u umbilical 
vein, 9 fore-leg, S' hind-leg. 
(From Coste.) 


Fig. 197.— Human em- 
bryo five weeks old, 
opened from the ventral 
side (as in Fig 196). Breast 
and belly-wall and liver are 
removed 3 outer nasal 
process, 4 upper ]aw, 6 
lowei jaw, z tongue, v right, 
v' lett ventricle of heart, o 
left auricle, b origin of 
Roita, b', b", b'" first, 

second, and third aorta- 
arches, c, c', c" vena cava, 
ae lungs (y pulmonary 
S' artery), e stomach, m 
n prmiitive kidneys (j left 
L, vitelline vein, h cystic vein, 
a right vitelline artery, 7i 
umbilical artery, u umbili- 
cal vein), X vitelline duet, 
» rectum, 8 tail, 9 fore-leg, 
y' hind-leg. (From Coste ) 


from the nasal cavity, and the face not yet shaped. The heart 
shows all its four sections , it is very large, and almost fills the 
whole of the pectoral cavity (Fig. 19G or)- Behind it are the very 
small rudimentaiy lungs. The primitive kidneys (77i) are very large ; 
they fill the gi*eater part of the abdominal cavity, and extend from 
the liver (/) to the pelvic gut. Thus at the end of the first month 
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all the chief organs are already outlined. But there are at this 
stage no features by which the human embryo materially differs 
from that of the dog, the rabbit, the ox, or the horse — in a word, of 
any other higher Mammal. AH these embryos have the same, or at 
least a very similar, form ; they can at the most be distinguished 
from the human embryo by the total size of the body or some other 
insignificant difference in size. Thus, for instance, in man the head 
is larger in proportion to the trunk than in the ox. The tail is 
rather longer in the dog than in man. These are all negligible 
differences. On the other hand, the whole internal organisation 
and the form and arrangement of the various organs are essentially 
the same in the human embryo of four weeks as in the embryos of 
the other Mammals at corresponding stages. 

It is otherwise in the second month of human development. 
Eig. 191 represents a human embryo of six weeks (VI.), one of seven 
weeks (VII)., and one of eight weeks (VIII.) at natural size. The 
differences which mark off the human embryo from that of the dog 
and the lower Mammals now begin to be more pronounced. We 
can see important differences at the sixth, and still more at the 
eighth, week, especially in the formation of the head (Plate XIII., 
Eig. Mill., etc.). The size of the various sections of the brain is 
greater in man, and the tail is shorter. Other differences between 
man and the lower Mammals are found in the relative size of the 
internal organs. But even at this stage the human embryo differs 
very little from that of the nearest related Mammals, the apes, 
especially the anthropoid apes. The features by means of which we 
distinguish between them are not clear until later on. Even at 
a much more advanced stage of development, when we can distinguish 
tlie human foetus from that of the Ungulates at a glance, it still 
closely resembles that of the higher apes. At last we get the 
distinctive features, and we can distinguish tlie human embryo 
confidently at the first glance from that of all other Mammals 
during the last four months of foetal life — from the sixth to the ninth 
month of pregnancy. Then we begin to find also the differences 
between the various races of men, especially in regard to the 
formation of tlie skull and the face. (Cf. Chapter XXIII.) 

The striking resemblance that persists so long between the 
emlirvo of man and of the higher apes disappears mucli earlier in the 
lower apes. It naturally remains longest in the large anthropoid 
apes (gorilla, chimpanzee, orang, and gibbon). The physiognomic 
similarity of these animals, which we find so great in their earlier 
years, lessens with the increase of age. On the other hand, it 
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remains throughout life in the remarkable long-nosed ape of Borneo 
{Nctsahs larvatus, Plate XXV.). Its finely-shaped nose would be 
regarded -with envy by many a man who has too little of that organ. 
If we compare the face of the long-nosed ape with that of abnormally 
ape-like human beings (such as the famous Miss Julia Pastrana, 
Eig. 198), it will be admitted to represent a higher stage of develop- 
ment. There are still people among us who look especially to the 
face for the “image of God in man.” The long-nosed ape would 
have more claim to this than some of the stumpy-nosed human 
individuals one meets. 

This progi’essive divergence of the human from the animal form 
which is based on the law of the ontogenetic connection between 
related forms, is found in the structure of the internal organs as well 
as in external form. It is also expressed in the construction of the 
envelopes and appendages that we find externally to the fcntus, and that 
we will now consider more closely. Two of 
these appendages — ^the amnion and the allan- 
tois — are only found in the three higher 
classes of Vertebrates, while the third, the 
yolk-sac, is found in most of the Vertebrates. 

This is a circumstance of great importance, 
and it gives us valuable data for constructing 
man’s genealogical tree. 

As regards the external membrane that 
encloses the ovum in the mammal womb, 
we find it just the same in man as in the 
higher Mammals. The ovum is, you will hST 
remember, first surrounded by the trans- 
parent structureless ovolemona or zona pellucida (Eigs. 1, 14). 
But very soon, even in the first week of development, it is replaced 
by the permanent chorion. This arises from the external layer of 
the amnion, the serolenmna, or “serous membrane,” the formation 
of which we shall consider presently ; it surrounds the foetus and its 
appendages as a broad, completely-closed sac ; the space between the 
two, filled with clear watery fluid, is the seromlom, or interamniotic 
cavity (“ extra-embryonic body-cavity ”). But the smooth surface 
of the sac is quickly covered with numbers of tiny tufts, which are 
really hollow out-growths like the fingers of a glove (Figs. 199, 204, 
212 ckz). They ramify and push into the corresponding depressions 
that are formed by the tubular glands of the mucous membrane of 
the maternal womb. Thus the ovum secures its permanent seat 
(Figs. 199-207). 
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In human ova of eight to twelve days this external membrane 
the chorion, is already covered with small tufts or viUi, and forms a 
ball or spheroid of six to eight millimetres in diameter (Eigs. 199-201). 
As a large quantity of fluid gathers inside it, the chorion expands 



Fig 203. Fig. 203. 


Fig 199 —Human ovum of twelve to thirteen days (<») (From Allen Thomson.) 1, Not 
opened, natui al size. 2 Opened and magnified Within the outer chorion the tiny curved 
loetus liea on tlie lar^e embryonic vesicle, to tlie lett above 

Pig 200— Human ovum of ten days (Fiom Allen Thomson ) Natural size, opened: 
the small loetus in the riHht halt, above 

Pig 201 —Human foetus ot ten days, takon from the preceding ovum, magnified ten 
times n yolk-sac, h neck (the metlullary groove already closed), c head (with open 
medullary gioove), d hind part (with ojien iiieclullary gioove), e a shred of the amnion. 

Fig 202— Human ovum of twenty to twenty-two days (From Allen Thomson.) 
Natural size, opened. The chorion forms a spacious vesicle, to the inner wall of which the 
small ftctus (to the right abo\e) is attached b\ a shoit umbilical cord 

Fig 2(X^ —Human foetus of twenty to twentv-two davs, taken from the preceding 
ovum, magnifiod g amnion, b yolk-sac, c lower-jaw process of the first gill-arch, d upper- 
jaw process ot .same, e second gill-arch (two smallei ones behind) Three gill-clefts are 
clearh seen J rudimentary fore-leg, (j auscultoiy vesicle, h eve, i heart. 


more anti more, so that the embryo only occupies a small part of 
the space within the vesicle. The villi of the chorion grow larger 
and more numerous They branch out more and more. At first 
the villi cover the whole surface, but they afterwards disapi^ear from 



Pio. ‘204.— Human embryo of sixteen to eighteen days. (Fiom Coate) Magnified. 
T1 k> ouiln'.\o, smroundod l)y the amnion (o), how ireowith this in the oijencd embryonic 
voHiclo The IhjUv ih ilriiwu up l>y the laige volk-aac (d), ami fastened to the inner wall of 
the onibrionic moiuhrane by the short and thick pedicle (Id Hence the iiomial convex 
cun 0 of the back (Fig ^.1) w here changwl into an abnormal concave surface, li heart, 
m parietal inosodeiui The spots on tlio outei wall ot the soioleuima are the roots of the 
branching chorioii-villi, which aio iieo at the bordei 


fluid. This IS tlie yolk-sac, or “ umbilical vesicle,” the origin of 
which we have considered previously. The larger the embryo 
becomes the smaller we find the yolk-sac. Afterwards we find the 
remainder of it in the shape of a small pear-shaped vesicle, fastened 
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to a long thin stalk (or pedicle), and hanging from the open belly of 
the foetus (Eig. 207). This pedicle is the vitelline duct, and is 



separated from the body at the closing of the navel. The wall of 
the umbilical vesicle consists, you will remember, of an inner-plate, 
the gut-gland-layer, and an outer plate, the gut-fibre-layer. It is 



Fig 206— Human embryo of the fourth week 
with itH membranes, like Fig. 206, but a little older. 
The yolk-sac is lather smaller, the amnion 
chorion largSr 


therefore made up of the 
same constituents as the 
gut-wall itself, and really 
forms a direct continuation 
of it. In Birds andEeptiles, 
in which the yolk-sac is 
much larger, it contains a 
considerable quantity of 
nutritive material, albumi- 
nous and fatty substances. 
Tliese pass by the vitelline 
duct into the visceral 
cavity, and seive as food, 
as in the oviparous Mono- 
tremes. In the other (vivi- 
parous) Mammals the yolk- 
sac is much less important 
for the nutrition of the 


embryo, and it atrophies at an early stage. 



Pio <208 —Median longitudinal section of the embryo of a chick (fifth day of 
incubation), seen from the rifjlit (head to tho ri«ht, tail to the left ) Dorsal body (episoma) 
dark, ■with convex surface d gut, o uu»uth, a anus, h liver, a mesentery, I lungs, v auricle 
of heart, fc ventricle, b ai tonal aiclies, t aorta, c yolk-sac, m vitelline duct, u allantois, 
r pedicle of the alleintoib, ii aiimiou, w amniotic cavity, s serous membrane. {From-ff«er.) 
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Behind the yolk-sac a second appendage, of much greater 
importance, is formed at an early stage at the belly of the mammal 
embryo. This is the allantois or * primitive urinary sac, an 
im^Dortant embryonic organ, only found in the three higher classes 
of Vertebrates. In all the Amniotes the allantois quickly appears 
at the hinder end of the alimentary canal, growing out of the cavity 
of the pelvic gut (Eig. 208, r, u, Eig. 209 ALG). 

The allantois originated as a prolongation of the urinary bladder 
of the Amphibia; in their descendants, the Protamniotes (the 
ancestors of the Amniotes), it has grown out of the coelom of the 



Fig 209 — DJagram of the embryonic organs of the Mammal (foetal membranes 
and appendages). (Fiom Turner ) S, M, H, outer, middle, and inner genn-layer of the 
el^br^onal shield, which is ftgural in median longitudinal section, seen from the left 
«/« amnion amuiotic caviU , r/Tjolk-eac or umbilical vesicle, allantois, aZperi- 
c(elom or sorocteloui unter-auuuotic cavitj'), uz seiolenima (or serous membrane), 2)c pro- 
choiiou (w'lth Mill) 

embryo, and lias henceforth to take a part in its nutrition. The first 
trace of it is a small vesicle at the edge of the cavity of the pelvic 
gut , it represents a fold of the gut, and has (like the yolk-sac) a two- 
la} ered wall The cavity of the vesicle is clothed with the gut-gland- 
layei, and the outer lamina of the wall is formed of the thickened 
gut-iil)re-la\ er. The little vesicle gets bigger and bigger, and grows 
into a large sac, filk'd with fluid, in the wall of which large blootl- 
vessels are formed It soon reaches the inner wall of the foetal 
cavity, and sjii'eads along tJie inner surface of the chorion (Eig. 209 
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ALC). In many Mammals the allantois is so large that at last it 
suiTOunds the whole embryo and the other appendages as a wide 
membrane, and spreads over the whole of the inner surface of the 
prochorion. When we open an ovum of this character, we encounter 
first a large cavity filled with fluid; this is the amniotie cavity. 
Only when this membrane is removed do we reach the amniotie 
vesicle which encloses the embryo proper. 

The further development of the allantois varies considerably in 
the three sub-classes of the Mammals. The two lower sub-classes, 
Monotremes and Marsupials, retain the simpler structure of their 



Fto ‘ilO— Embryo of a dog, horn the right a first, h Becond, c third, d fourth 
cerebral vesicle, f ovo, fo auditory vesicle, ah first gill-arch (a lower jaw, h upper jaw), 
I Becoud gill-arch, klm heart (A- right auricle, I right and in lett ventricle), origin of aor^, 
o heart-pouch, p liver, a gut, r vitelline duct, s* yolk-sac itorn away), t allantois (broken off), 
u amnion, v toie-leg, x hiud-leg (From Bisclioff ) 


ancestors, the Eoptiles. The wall of the allantois and the enveloping 
sei'oleiiima remains smooth and without villi, as in tlie Birds. But 
in the third sub-class of the Mammals tlie serolemma forms, by 
invagination at its outer surface, a number of hollow tufts or viUi, 
from which it takes the name of the chorion or mallochonoii. The 
gut-fibre-layer of the allantois, richly supplied with branches of the 
umbilical vessel, presses into these serous villi of the primary 
chorion, and forms the “ secondary chorion.” Its embryonic blood- 
vessels are closely correlated to the contiguous maternal blood-vessels 



324 FCETAL MEMBRANES AND OIEOULATION 

of the environing uterus, and thus is formed the important nutritive 
apparatus of the embryo which we call the placenta. 

The pedicle of the allantois, which connects the embryo 
with the placenta and conducts the strong umbilical vessels 
from the former to the latter, is covered by the amnion, and, 
with this amniotic sheath and the pedicle of the yolk-sac, forms 
what is called the umbilical cord (Eig. 212 at). As the large 
and blood-filled vascular network of the foetal allantois attaches 



FiCr. 211 — Dogr-embpyo, twentv-flve days old, ftoin tlie ventral side, opened (as Figs. 
196 and 197) Pectoral and abdominal walls aie removed a nose-pits, b eyes, c lower jaw 
(first gill-arch), d second gill-arch, eti/h heait (c light, f left auricle, r/iight, 7i left ventricle), 
i aorta (origin), IK liver (in the uiiddle between the folds the umbilical vein cut through), 
1 stomach, gut, u i oik sac, o primitive kidiieis, p allantois, c fore-leg, /'hmd-log The 
curved embrjo has been straightened out. (From Jimcha^ ) 


itself closely to the mucous lining of the maternal womb, and the 
partition l)et^^een the blood-vessels of mother and cliild becomes 
much thinner, wo get that remarkable nutritive apparatus of the 
fcfital })od\ which is characteristic of the Placentalia (or Choriata). 
We shall rotiu-n afterwards to the closer consideration of this 
(cf. Chapter XXJri.). 

In the vuirioiis orders of Mammals the placenta undergoes many 
modifications, and these are in part of great phylogenetic importance 
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and useful in classification. There is only one of these that need be 
specially mentioned — the important fact established by Selenka, in 
1890, that the distinctive human placentation is confined to the 
anthropoids. In this most advanced group of the Mammals the 
allantois is very small, soon loses its cavity, and then, in common 
with the amnion, undergoes certain peculiar changes. The umbilical 
cord develops in this case from what is called the “ ventral pedicle.” 
Until very recently this was regarded as a structure peculiar to man. 
We now know from Selenka that the much-discussed ventral pedicle 
is merely the pedicle of the allantois, combined with the pedicle of 
the amnion and the rudimentary pedicle of the yolk-sac. It has just 
the same structure 
in the orang and 
gibbon (Eigs. 213- 
216), and very 
probably in the 
chimpanzee and 
gorilla, as in man ; 
it is, therefore, not 
a disproof, but a 
striking fresh 
proof, of the blood- 
relationship of 
man and the an- 
thropoid apes 
Hence the allan- 
tois is interesting 
in tliree ways in 
connection with 
man’s genealogical 
tree : firstly, be- 
cause this append- 
age is wanting in the lower classes of Vertebrates, and is developed 
only in the three higlier classes of the stem, the Reptiles, Birds, and 
Mammals ; secondly, because the placenta develops from the allantois 
only in the Placentals, or the higlier Mammals and man, and not in 
the lower Mammals (Marsupials and Monotremes) ; thirdly, because 
the remarkable peculiarities of human placentation are only found 
outside man in the anthropoid apes, not in tlie other Placentals. 

We find only in the anthropoid apes — the gibbon and orang of 
Asia and the chimpanzee and gorilla of Africa — the peculiar and 
elaborate formation of the jilacenta that characterises man (Fig. 217), 



Pio. 212 —Diagrammatic flrontal section of the pregnant 
human womb. (Prom Limaet ) The embrj'o hangs by the um- 
bilical cord, which oncloseH the jiedicle of the allantois (al.) 
/tL umbilical vessel, am amnion, cJi ohonon, ds decidua sero- 
tina, d» decidua vora, dr decidua reftexa, « villi of the placenta, 
c cervix utori, ii uterus. 



Kuts -JH 21 -j - Embryos of the Kalawet-ffibbon of lioi-m-.. n 

Fi« ‘>1.1 cMiil»i\o ot scMMitorn iiini troni huad to WuttockH, nmKiiihud loui tiiiu's , st> 
Iho hdt K.d ‘214 tlu. s.inio. soou ti.uii th front Fifi lilo oud.no „t cmo 1 urn 
from head to Inittoi-ks, thioe-hnutlis natii al slxo, in the same 

with w liiuh It IS still connected li> the nmlnlic.il cord Only the doisal halt ot tin d 
ntfli-oM iM shown, and the nl iceuta is attached to the contial ]»ait of this. 
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111 this case there is at an early stage an intimate blending of the 
chorion of the embryo and the part of the mucous lining of the 
womb to which it attaches. The villi of the chorion ivith the blood- 
vessels they contain grows so completely into the tissue of the uterus, 
which is rich in blood, that it becomes impossible to separate them, 
and they form together a sort of cake. This comes away as the 
after-birth at parturition ; at the same time the part of the mucous 
lining of the uterus that has united inseparably with the chorion is 
torn away ; hence it is called the decidiia (“ falling-away membrane”)* 
and also the sieve-membrane,” because it is perforated like a sieve. 



Fit. ‘21(5 -Mai© embryo of the Siamang-gibbon iHyluhutes stamanya) of Sumatra, 
two-tliirdh iiatuial si/o to tbo loft the disaeoted uturuB, of wbicli only the dorsal half is 
mvon Tlu> omliryo has boon taken out, and the limbs folded togethei ; it is still con- 
iioetod b's tlio uuihilioal coid with the centre of the circular placenta, which is attached 
to the inside ot tho womb. Hoth this emiirvo and the preceding (Fig ‘215) take the head- 
liosition in tho womb, and this is normal m man also 


Wo liiitl a decidua of this kind in most of the higher Placentals ; but 
it is only in man and the anthropoid apes that it divides into three 
parts — the outer, inner, and placental decidua. The external or true 
decidua (Fig. 212 (hi, Fig. 218 f/) is the part of the mucous lining of 
the womb that clothes the inner surface of the uterine cavity 
wherever it is not connected with the placenta The placental or 
spongy decidua {placcntalis or serotina, Fig. 212 ds, Fig. 218 d) is 
really the placenta itself, or the maternal part of it {placenta 'iiterina) 
— namely, that part of the mucous lining of the womb which unites 
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intimately with the chorion-villi of the foetal placenta. The internal 
or false decidua {interna or reftexa. Fig. 212 (h\ Fig. 218/) is that 
part of the mucous lining of the womb which encloses tlie remaining 
surface of the ovum, the smooth chorion {chorion Iceve), in the shape 
of a special thin membrane. The origin of tliese three different 
deciduous membranes, in regard to which quite erroneous views (still 
retained in their names) formerly prevailed, is now quite clear ; the 



Fj« '217— Frontal section of the pregnant human womb. iKiom Timu-t ) Tlic 
einbr\o (a month old) liaiiKs in tlu' iniddk'iot tlu- auiniotu' i'umU h\ llir \fntriil nodu*!*' or 
uuihihcal cord, which counecth it with the plaoeiita {iihovei 


external ilcculua rent is the specially moditied and suhseiinenily 
detachable superficial stratum of the original niiicoiis lining of the 
womb. Tlio placental decuhia ncrotina is that pait of tlu‘ jiivceding 
winch IS comidcU'ly transformed by the ingrowth of tlu* clioi ion-vilh, 
and is used for constructing the placenta. The inner docidnu icjlvxii 
IS formed 1)\ the rise oi a circular fold of the mucous lining (at the 
border of tlu* diridiio rout and wrotiiia), which grows over the fmtus 
(like the uiunion) to the end. 



FCBTAL MEMBRANES AND OIEOBLATION 329 


The peculiar anatomic features that characterise the human 
foetal membranes are found in just the same way in the higher apes. 
The lower apes and the other discoplacentals show more or less con- 
siderable variations, and, in general, simpler features. This applies 
especially to the delicate structure of the placenta itself, the blending 
of the ehorion-viHi with the decidua serotina. The mature human 
placenta is a circular (less frequently oval) disc of a soft, spongy 



-Human fmtus, twelve weeks old, with its membranes, natural aise. 
Its navel to the placenta, h ammon, c chorion, d placenta, 
/r vi.ru.s' .1 \ Si on HuS choiuon. f internal or reflex decidua, g external or true decidua. 
iKumiJJ Si’httUsi'.] 


texture, six to eight inches in diameter, about one inch thick, and 
one to one and a lialf pounds in weight. Its convex outer surface 
(uniting with the uterus) is very uneven and tufted. Its concave 
inner surface (facing the uterine cavity) is quite smooth, and covered 
l,v t!io amnion. As a rule, the umbilical cord {fmiculus iiTnbihcahs) 
sUrisfroin about the luuiaie of the placenta; wa have considered 
the origin of this from the ventral pedicle. This also is covered oi 
sheatbod liy the amnion, which passes directly mto the abdommal 
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skin at the navel end of the cord (Eig. 218). The mature umbilical 
cord is a cylindrical string, twisted spirally on its axis, generally 
about twenty inches long and half an inch thick. It consists of a 
gelatinous connective tissue (the “Whartonian jelly ”)» in which we 
find the remainder of the vitelline vessels and the large umbilical 
vessels — the two umbilical arteries which conduct the blood of the 
embryo to the placenta and the strong umbilical vein that conveys 
the blood from the latter to the heart. The countless fine branchlets 
of this foetal umbilical vessel enter the ramified chorion-villi of the 
foetal placenta, and finally join in a peculiar way with these to form 
the wide blood-fiUed cavities that expand in the uterine placenta and 



Fi« Mature human fcatus (<it tlu* und ot , in its imtuial jiosition, taken 

out <)t tlio utoiine On tlie inner surtaee ot the lattei (to tlie left) ih the iilaeentn, 

which IS connecloil In the inntnliudl eox'd with the ehihVs navel. (From Jifniha ni 
ScIiuUju' ) 

contain tlio inatemal Idootl Tlio vor> coniplicak'd and dillicult 
anatomic relations that develop here liotwoen the heial and inatennd 
])lacenta are found in this form only in man and the anthropoid ajie ; 
tliov differ more or less consideraliU in all tlie otlun- d(>ciduates. 
The uinhilic.il cord is also projiortionak'ly lon^.'ei' in inan and the 
apes iJian in the otliei Mammals. 

(Intil roeentU it was tlu)n^>ht that tlie Ininian tnnhr.No was dis- 
tin^^uisiied 1)> its peculiar construction of a solid allantois and a 
special vential iiediele, and that the umbilical cord tleveloped from 
this in a different wav fioin in the other Mammals. The opponents 
of tlio unvveleome “ ape-theory ” laid /i>reat stress on this, and thought 
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they hatl at last cliscoveretl an important indication that separated 
man from all the other placentals. But the remarkable discoveries 
published by the distinguished zoologist Selenka in 1890 proved that 
man sliares tliese peculiarities of placentation with the anthropoid 
apes, though tlioy are not found in the other apes. Thus the very 
feature whicli was advanced by our critics as a disproof became a 
most imiiortant piece of evidence in favour of om’ pithecoid origin. 



I ' ji. -jj t Median section of the lower half of the trunk of a woman in advanced 
prcf^nnncy. 'I’lu' lu'uU <if Llif child ih already in the ])elvia (iu the normal head-position). 
'I’lic NcsicU* (U h> sik<> of an apple) i8 hlill whole in the vaijiina, the fcEtal water has 

nut \t‘i ^•M•aI»*d. (From Braunc ) 

'rhc now facts that Selenka discovered during his investigation of 
this <iu(>sti<)n iii India are so important, and yield such far-reaching 
comdiisions, tluit I will give the results m his own words: — 

Sniiif (•nil)n(»iiic ui'Miins Jivc developed curlier and some later in the apes and 
mail than iii the otlier Mammals. Among the anticipated structures are * ( 1 ) the 
iiinuiiu'rahlc eliorioii-Mlh, (ti) the cajlom-saos, by the expansion of which the 
Mtllv-siif IS carlv i-euioved and the amnion closed, and (S) the pedicle of the* 
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allantois. On the other hand, we have the following retarded structures: (1) 
the yolk-sac. It is true that it quickly separates from the wall of the embryonic 
vesicle, but its vascular network only develops later on. As it has completely 
lost its earlier function of respiratory and nutritive organ, it must be regarded 
as a rudimentary organ. It sends no vessels into the chonon, all the blood- 
vessels of which are exclusively allantoic. (2) The rise of the allantoic cavity 
also is delayed, and (3) the differentiation of the germinative area. As special 
structures we may designate ; (1) the looser texture of the somatopleura, which 
lines the chorion ; (2) the persistence of the pedicle of the allantois ; (3) the 
expansion of the amnion and its blending with the chonon ; (4) the formation of 
two placentsB side by side, one of which may remain rudimentary ; (5) the 
degeneration of the yolk-sac into a rudimentary organ ; and (6) the attachment 
of the non-plaeental part of the foetal membrane — whether it be the chorion Iseve 
or the decidua reflexa — to the surrounding wall of the uterus. 

A third embryonic appendage, which we have ahready mentioned 
— the amnion or “water-membrane” — is also, like the allantois, one 
of the characteristic features of the three higher classes of Verte- 
brates. We have introduced the amnion when dealing with the 
severance of the embryo from the embryonic vesicle (p. 261). We 
found that its walls rise about the embryonic body in the form of a 
circular fold. In front this fold rises to some height in what is 
called the hood or sheath of the head (Fig. 222 ks ) ; belhnd also it 
curves over considerably as the hood or sheath of the tail (ss ) ; to 
the right and left the fold is at first lower, and is known as the side- 
hood or sheath (Fig. 226). All these “ hoods ” or “ sheaths ” are 
merely portions of a continuous circular fold tliat runs round the 
embryo. It grows higher and higher, rises up like a rampart, and 
at last curves like a grotto over the body of the embryo. The edges 
of the circular fold touch and join (Fig. 227). Thus in the end the 
embryo is enclosed in a membranous sac, whicli is filled witli the 
amniotic fluid (Figs. 224, 225 ah). 

When the sac is completely closed, the inner plate of the fold, 
which forms the real wall of the amniotic sac, sejiarates altogether 
from the outer. The latter attaches itself internally to the pro- 
chorion, replaces it, and becomes itself the permanent outer envelope 
of tlie embryo, described by Baer as the “ serous memhrane.” Tliis 
serolemma consists, like the thin w'all of the amnion-sac, of two 
layers — the neural and the parietal germ-layers. The latter is in 
this case very tliin and delicate, but can easily be recognised as a 
direct continuation of the skin-fibre-layer. Naturally, in harmony 
witli tlie folding process, the parietal middle layer is turned inwards 
in the serolemma and outwards in the amnion. The space between 
it and tlie allantois is tlie jieiicadom or the inter-amniotic cavity (the 
eKtra-embryomc body-cavity, Fig 209 al). 




Fio 225. 


ri(»s 22l-‘22.’5 —Five diagrammatic longitudinal sections of the maturing mammal 
embryo and Its envelopes. lu FigtJ 2*21-224 the longitudiiial section «oea through the 
nnthllo piano of the hodi , which cuts it into right and left halves ; in Fig *225 the fcetus is 
soon from the loft. In Fig *221 the prochorion (d), dotted with villi UV), encloses the 
omhivomc vosicle, the wall of which consists ot the two priniaiT garui-lavei's Between 
tho outer (o) and inner (t) geiiii-Iayei the middle la^er Im) has developed in the region of 
the geiiuinative area In Fig *222 the euibi vo ic) begins to sejiarate fiom the embryonic 
vesich* (/?.s), while the wall ot the aimnotio fold uses round it (in tiont as head-sheath, ka, 
bolimd as tail-sheath, «s) In Fig *2*23 the edges of the amniotic fold (am) meet over the 
back ot theembivo, and thus form the amniotic cavitv Uih), the embryo (<■) separating 
still more from the embiyonic vesicle Ula), tho alimentary canal (dd) is formed, 
the allantois ((d) growing out ot its hindei end. In Fig 224 the allantois (al) is 
larger, the \olk-snc ida) smallei In Fig 2‘2,'5 the emhivo already shows the glll- 
elolts and the rudiments ot the two pairs of legs, the choiion has branched vllli. In 
all five ttguios e einbrvo, it outer geim-lajer, m middle germ-layer, t inner germ-las'er, 
mn amnion (As head-sheath, ss tail-sheatli), ah amniotic cavity, as amniotic sheath ot the 
umbilical cord, 7,7/ embiyonic vosicle, da volk-sao (umbilical vesicle), dg vitellme duct, 
df gut-tibie-laver, dd gut-gland-lavoi, a 7 allantois, vl=-hh place of heart, dovolemmaor 
prochorion, d' villi of same, ah seions membrane (serolemma), sz villi of same, c7i chorion, 
e7j XT villi ot same, at terminal vein, r pericffiloni or seroccelom (the space between the 
amnion and chorion, filled with fluid). {From KOlltker ) Cf Plate VII., Figs 14 and 15. 
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The phylogenetic cause of this ontogenetic formation of the 
amnion is to be sought on mechanical lines in the fact that the body 

of the embiyo has gradu- 



FiG. 226.— Transverse section of the embryo of 
a cliicii (a little behind the anterior opening of the 
gut) at the end of the first day of incnbation. Above 
IS the mednllarj’ groove, below the gut-groove, still 
wide open. On each side we sea the outline of the 
bodj'-cavity between the skin-fibre-layer and the gut- 
flbre-layer To the right and left of it outwards the 
lateral hoods of the amnion are beginning to rise 
(From JSemafc.l 


ally sunk into the under- 
lying yolk-sac, thus leaving 
acircular fold of membrane 
around it. The growth of 
the latter into a completely 
closed sac, filled with fluid, 
is explained on the theory 
of selection by the great 
service which so admir- 


able a protective structure 


offers to the delicate embryo. 


Of the three vesicular appendages of the amniote embiyo which 


we have now described 
the amnion has no 
blood-vessels at any 
moment of its exist- 
ence. But the other 
two vesicles, the yolk- 
sac and the allantois, 
are equipped with large 
blood-vessels, and these 
effect the nourishment 
of the embryonic body. 
"We may take the oppor- 
tunity to make a few 
general observations on 
the first circulation in 
the embryo and its cen- 
tral organ, the heart. 
The first blood-vessels, 
the heart, and the first 



blood itself, are formetl 
frcmi the gut-tibre-layer. 
JJenee it was called by 
earlier einhivologists tlie 
“ vascular la>ei .” Jn a 
sense the tei'in is quite 


Fi« 227 —Transverse section of the embryo ot a 
chick in the region oi the na\el (of the filth day of in- 
cubation) Tlieainniotic lolds iam) almost touch above 
over the hackol the embl^o Tlie gut Ul), still open, 
pabHcs below into the jolk-sac <Jt gut-hbre-lajer, sh 
chorda, aoita, vc cardinal \eins, bh \cutial wall, not 
vet closed, u tore, u hind roots ot s])inal nerves, mu 
muscle-plate, 7/p cutis-plate, 7i borin’ plate. (From 
liemuk ) 


correct. But it must not bo understood as if all the blood-vessels in 


the bod> came fioni tins layer, or as if the whole of this layer were 
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taken up only with the formation of blood-vessels. Neither of these 
suppositions is true. Blood-vessels may be formed independently m 
other parts, especially in the various products of the skin-fibre-layer. 
The tissue that composes the blood-vessels belongs to those secondary 
products of the mesoderm that do not divide as epithelial plates, but 
may arise anywhere in holes between the epithelial products of the 
germ-layers, and were marked off by Hertwig under the title of 
intermediate layer or mesenchym. However, according to some 
observers, the inner vascular epithelium originates from the 
entoderm. 

The heart and the blood-vessels and the vascular system generally 
are by no means among 
the oldest parts of the 
animal organism. Aris- 
totle believed that the 
heart was one of the first 
organs to be formed in the 
chicken ; and many later 
writers adopted this 
opinion. But this is not 
at all the case. The chief 
parts of the body — the four 
secondary germ-layers, the 
medullary tube and chorda 
— are formed long before 
there is any trace of the 
vascular system. As we 
shall see later, this fact is 
in complete harmony with 
the phylogeny of the ani- 
mal kingdom. The Coelen- 
tera (Gastrseads, Sponges, 

Gnidaria, and Platodes), 
to which a section of our earliest animal ancestors l)elonged, have 
neither blood nor heart. The Vermalia were developed at a com- 
paratively late date from these bloodless Coelentera, and the higher 
Vermalia in which a vascular system of the simplest form develops 
(Frontonici) later still from the non-vascular lower Vermalia {Rota- 
toria) ; from the higher Vermalia are descended the much younger 
Vertebrates. 

The first blood-vessels of the mammal embryo have been con- 
sidered by us previously m the transverse sections on Pigs. 148-151 



Fig 228.— Transverse section of the embryo of 
a chick in the region of the siioulder (of the fitth day 
of incubation) The section pawhOH thiough the 
ludnnentary fore-leg (or wing, i ) The amniotic 
foldsare joined over the back of thoonilnyo (From 
Bemak.) Of. Figs 225, 226, and 227 : also Plate VII , 
Fig. 14 
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(pp. 266-7). They are, firstly, the two primitive arteries or aortas, 
which lie in the narrow longitudinal clefts between the provertebra3, 
the lateral plates, and the gut-gland-layer (Figs. 141 ao, 148 ao ) ; 
and, secondly, the two principal or cardinal veins, which appear a 
little later, farther out than the former, above the primitive renal 
ducts (Figs. 149-157 cav). 

The heart arises in just the same way and in connection with 
these first vessels, in the lower wall of the fore-gut, at the throat, 



where the heart remains throughout life in 
the fish. The heart of the Vertebrate is 
originally only a local enlargement of the 
median visceral vessel, which runs on the 
lower wall of the gut, and which we have 
called the principal vein in our study of the 
primitive Vertebrate (Figs. 101, 103 r). The 
simple, spindle-shaped heart, that we assume 
to have been here at the limit of the head and 
trunk, is found at the same spot, immediately 
behind the gill-gut, in the embryos of the 
Acrania and the Cyclostomes (Plate XIX., 
Fig. 16 h) and the fishes. By the contrac- 
tion of its muscular wall the venous hU)od 
that is brought by the subintestinal vein is 
driven forward into the branchial artery 
(on the under side of tlio liranchial gut) 

The rudimentary heart is single in the 
Amphibia also In the Ainniotes, how even', 
it is double hoin the first, having two dis- 
tinct lialves (Fig. 137 //). Hut the two 
lialves soon degenerate and unite, in th(‘ 
ventral middle line of tiie wall of the fou'- 
gut, to form a single siinpli' tube. 
double structure is a later eiMiogi'm'tic 
phenomenon, niechanicall\ (kderniined h> 
the fiat expansion of the einhiwonal shield 
on the large yolk- vesicle. 


The siiuplo, sinndle-shaped structiiri' of the 
heart, which sefiarates from the ventral wall of the li(‘ad-giit, consists 
of the two gerni-Iayeis of the gut-wall, a small fold of the gut-gland- 
layer being taken into the tube. From this is formed the cndocard, the 
epithelial inner cellular lining of tlie lieart. Its tliick muscular wall, 
the myocard, is iormed by the cells of tiie gut-fibre-layer or visceral 
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middle layer. From this also come the red blood-cells, and the first 
traces of the vessels that are connected with the heart. These also 
are at first solid, round strings of cells. They are then hollowed 
out by tlie secretion of fluid at their axis. Some of the cells are 
detached and float in the fluid, and thus become blood-cells. This 
applies both to the arteries (which convey the blood from the heart) 
and the veins (which convey it to the heart). The white blood-cells 
(lymph-cells or leucocytes) are travelling cells, originating in the 
mesenchym and passing subsequently into the blood-vessels. 

The heart of every Vertebrate lies at first in the ventral wall 
of the fore-gut, or in the ventral (or cardiac) mesentery, by which it 
is connected for a time with 


tlie wall of the body. But 
the heart soon severs itself 
from the place of its origin, 
and lies freely in a cavity 
— the cardiac cavity (Fig. 
‘230 (•). For a short time 
it IS still connoctod witli the 
former by the thm plate 
of the mosocardium {Juj). 
Afterwards it lies quite free 
in the cardiac cavity, and 
is only directly connected 
with the gut- wall by the 
\(‘ssels wliich issue from it 
(Fig 230). 

The fore-end of the spm- 
dh'-slia])(‘d tube, wliich soon 
bends into an S-shapo (Fig, 
232), divitles into a light 
and left braneb. Those 



Fifl. 230 —Diagrammatic transverse section 
of the head ot a uiammal embryo, h horny 
)late, in luedullai V tube (cerebral vesicle), mr wall 
if Hame, I cutin-plate, a rudimentarj' Biull, ch 
lioida,A.'(|ill-arcbes, inp muscular plate, c cardiac 
■a\ ity, toroiuobt part of the body-cavity (coelom), 
il aliuieutai'y canal, lUl fjut-gland-layer, (If vi&oeral 
muscular plate, 7iy meaocordium , /i w wall ot heart, 
fiA vontnelo ot heart, fib aorta-arch, it soction of 
aurto-btom. 


t.idies iire lumt upwards 

areh-\\isi‘, and represent tlie first arches of the aorta. They 
lise in the wall of the fore-gut, wliicli they enclose in a sense, 
and then unite above, in the upper wall of the fore-gut cavity, 
to form a large single artery, that runs backward immediately 
under the chorda, and is called the aorta (Fig. 231 Ao). The first 
pair of aorta-arches rise on the mnor wall of tlie first pair of gill- 
arches, and so lio between the first gill-arch (k) and the fore-gut (d), 
just as \se find them throughout life in the fishes. The single aorta, 
winch rt'sults from the iqiper conjunction of these two first vascular 
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arches, divides again immediately into two parallel branches, which 
run backwards on either side of the chorda. These are the primitive 
aortas which we have already mentioned ; they are also called the 
posterior vertebral arteries. These two arteries now give off at each 
side, behind, at right angles, four or five branches, and these pass 
from the embryonic body to the germinative area ; they are called 
omphalo-mesenteiic or vitelline arteries. They represent the first 
rudiment of a foetal circulation. Thus, the first blood-vessels pass 



Fiu -in.—VItelline vessels In the grerminative area of a ehick-emtryo, nt the 
closo of the thud thiv ol incnhution (Prom llnltour ) The tioiimimtuf aiea ih 

soon from the ventral the ai’tei'ios mo daik, the \ei(is lii(ht H he.. it, .1.1 aovta- 

arcljo.'i, An aorta. It Of A lulht (>iui>lialo-nu‘hentonc arterj , .S' T sums teniimnli.s, L Of and 
if Ot rnllit and loft oiupluilo-nioseutoru; veins, .S' T sums venosus, D (' ductus C'uMoii, 
.S' C'«r and V Ca foio and hind cardinal veins. 


over the embryonic body and reach as far as the edge of tlie 
gth-inmative area At first they are confined to the dark oi 
“ vascular ” area But they afterwards extend over the whole 
.sui'face of tho embryonic vesicle. Tn the end, the whole of the > olk- 
sac is covered with a vascular net-work. These vessels have to 
gather food from the contents of the yolk-sac and convey it to the 
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embryonic body. This is done by the veins, which pass first from 
the germinative area, and afterwards from the yolk-sac to the farther 
end of the heart. They are called vitelline, or, frequently, omphalo- 
mesenteric, veins. 

Thus, the first embryonic circulation (Eigs. 231—234) is arranged 
in the following simple way in the three higher classes of Verte- 
brates. The simple tubular heart (Eig. 234 d) divides, both in front 
and behind, into two vessels. The hind vessels are the afferent 
vitelline veins. They absorb nutritive matter from the embryonic 
vesicle or the yolk-sac, and 
convey it to the embryonic 
l)ody. The anterior vessels 
arc the efferent branchial 
arteries, which pass round 
the fore part of the gut in 
the shape of tlio rising aortic- 
arches ; tliey unite to form 
tlio aorta. Tlie two branches 
Unit are formed by tlie split- 
ting of tlio main artery — tlic 
jirimitivo aortas — give off 
vitelline arteries to right 
and left, and these pass from 
the body of the embryo to 
the germinative area. Here, 
and in tlie periiihory of tlio 
umbilical vesicle, we distin- 



guish two layers of vessels, 
the sm face-la>ei' of arteries 
and th(' lower la\er of veins. 
'Tlie two are connected At 
first this vascular system 
only extends over the iiori- 


Fia 232 -Boat-shaped embryo of the dog, 
fioui the vontial hide, maanifted about ten times 
Jn front nndei the foiohuad we oan see thehrat 
pail of nill-arolioh , mideineath is the S-shapecl 
heart, at the sides of ^\luL•h are the auditory 
vesieles The heart diMdus behind into tlietuo 
vitelline veins, whioh e\])aud in the «erimuative 
aiea (which is tmn olf all round) Ou the floor ot 
the open bellv lie, hetw'een the inotovortohrui, the 
pilnutiM) aortas, fioni winch Jive jiniis ot vitelline 
aitories aie «i\eii <itf (From Jiisclioif ) 


liluM-y of the gei-nmuitive 

sircii to its border Hero, Jit the edge of the dark vascular area, all 
the Iminclu'H unite in a largo terminal vein (Fig 234 e). This vein 


disappears later ou, when the formation of vessels proceeds further 
m the course of development, and then the vitelline vessels cover 
tile whole of the \olk-sac. Those vessels naturally atrophy witli 


the degcnerati(jn of the umbilical vesicle , their importance is 
restricted to the first jieriod ol the life of the embryo. 

This vitelline circulation is afterwards replaced by a second^ that 
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of the allantois. Large blood-vessels are developed in the wall of 
the urinary sac or the allantois, as before, from the gut-fibre-layer. 
These vessels grow larger and larger, and are very closely connected 
with the vessels that develop in the body of the embryo itself. Thus, 
the secondary, allantoic circulation gradually takes the place of the 
original vitelline circulation. When the allantois has attached itself 
to the inner wall of the chorion and been converted into the placenta, 
its blood-vessels alone effect the nourishment of the embryo. They 
are called umbilical vessels, and are originally double — a pair of 



Fi« --Embryonal shield and germlnative area of a rabbit, n Aluc-h ^\l> st>t- 
the tii’st outlmc (it tlu» lil l-\ (•sscls, swii tr<nu si<liMiiii('iiih(*(l alioiit ti'ii tiiius 

Tho hmd c*ii(l <it tlu* sinii ln'.ivt (if ) (li\ i(l(*s into l\\ o strong ^ itclliiii' \ (.‘iiis, a id toi iii 

a vasculav lU'tworK iii the lark nri*a (whudi hioks ‘ni tin* Idai k hkhukI) At tho IumkI- 
etid wo can soi> the t<m> 1) in witli tUi* two oplii .udt's (/>, /j) 'I’lio darkoi iiddlc of tlu' 
enibrvdis thf w’ldo-oiJCM scoral c.imU On each side ot the chorda we i* ten jnoto- 
vertebue. (Fioni lUsvlin 


umbilical arteries and a pair f)l‘ umbilical \tMns Idu* two uinlnlical 
veins (Pig. liKi //), which convey l>lood from the jdacenta to tlie 
heart, open at fii’st into tlie united vitelline \eins. Tlie latter then 
disappear, and the right umbilical vein goes with them, so that 
lienceforth a single lai’go vein, tlie loft umbilical vein, conducts all 
tho blood from tin* placenta to the heart of tho embryo. The two 
arteries of the allantois, or tho umbilical arteries (Figs. 196 n, 197 ^0, 
are merely the ultimate terminations of the primitive aortas, wdiich 
are strongly dovolopotl afterwards. This umbilical circulation retains 
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its importance until the nine months of embryonic life are over, and 
the human embryo enters into the world as an indeiDendent individual. 
The umbilical cord (Eig. 212 at), in which these large blood-vessels 
pass from the embryo to the placenta, comes away, together with the 
latter, in the after-birth, and with pulmonary respiration begins an 
entirely new form of circulation, which is confined to the body of 
the infant. 

There is a great phylogenetic significance in the perfect agreement 



lM(. i-U - Embryonal shield and germinative area ot a rabbit, in which the first 
\asciilni sistciM is fiill\ tornu'il, s<u’ limn the ventral sirle, niailnified about h\e times 
'I'lie poslc loi c'lifl ot till' S-sbapeil 1 ,rt (f/l duiiles into two htruint vitelline veins, each of 
wbii h HU'S olt II toie(/))aiid hind ( bnineli The ends ot these mute in tlio circular 
teniiiiml eiii (n). In tlie Ut'niiinat e in ea we see the coaisei tdeepei-U iinj) venous net 
and the fi lei liiime siipei fu ml) arte al net The vitelline aiteiios (/ ) open into the two 
jnmiitive imt.istfi The d.iiKaiea, Inch sinimiiids the head like an aureole, corresponds 
to tile del U'ssioii ot the head-hood tKioin llfscluitl.) 


wliicli WO find hotwoon man and tlio anthropoid apes in these 
iini)ortant foaturos of oiiihryonic circulation, and the special construc- 
tion of tlio placenta and the imihilical cord We must infer from it 
a close blood-relationship of nntn and tlie anthropomorphic apes, 
St common descent of them from one and the same extinct group of 
lower aiies. Jliixlcy’s “ ])ithecometra-principle ” applies to these 
ontogenetic features as much as to any other morphological relations ; 



CoutlUS. (Ifulohnte. f«r, or nlhnna,,,,^ ho.n the Indmu 

„ , Hiixloian law, the chief consequence of wliicii is 

the descent of man from the ape,” lias lately been confirmed in an 
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interesting* and unexpected way from the side of the experimental 
idiysiology of the blood. The experiments of Hans Eriedenthal at 
Berlin liave shown that human blood, mixed with the blood of lower 



Kk, irr. Young orang asloei) 


apoK, has a 
destroys ilio 
uhon luiinan 


poisonous olloct on the latter; the serum of the one 
l)loo(l-wlls of the other. But this does not happen 
blood is mixed with that of the anthropoid ape As 
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we know from many other experiments that the mixture of two 
different kinds of blood is only possible without injury in the case of 
two closely related animals of the same family, we have another 
proof of the close blood-relationship, in the literal sense of the word, 
of man and the anthropoid ape. 

The existing anthropoid apes are only a small remnant of a large 
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grey gibbon {Kijlohates hiLciscib^ living for several months in the 
garden of my house in Java. I have described the interesting habits 
of this ape (regarded by the Malays as the wild descendant of men 
who had lost their way) in my Malayisclien Beisebnefen (Chapter XI.). 
Psychologically, lie showed a good deal of resemblance to the children 



Ki(» iiw -Head of an old male orang-outang (.sv^^vn/^ oivnit/), without cheek-pads. 
(Kioiii Urchin ) 


of my Malay hosts, with wlioin lie iJayod and formed a very close 
friendship. 

The secontl, laigtn and strongta-, genus of Asiatic anthropoid 
ape is the oi-ang {Sah/rus) , he is now found only in tlie islands of 
Borneo and Sumatra. Solenka, who lias lately published a very 
thorougli Htndu oj the Decclujynicnt and Cranial Stnictuie of the 
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Tiiey fall into two sub-genera or genera; one group, Dissatyrus 
(orang-bentang, Fig. 237), is distinguished for the strength of its 
limbs, and the formation of very peculiar and salient cheek-pads in 
the elderly male ; these are wanting in the other group, the ordinary 
orang-outang iEurntyruH, Figs. 236, 238). 

Several speciesHiave lately been distinguished in the two genera 



Kk.. iJlO. -Female chimpanzee iAnthxiinthirim mart ) (From Brrhm ) 


of tlie l)lack African antliropoid apes (chimpan/eo and gorilla). In 
the genus Anthwpithociiti (or AnthropopitlwcuH, formerly Troglodytes) 
the l)ald-lieadcd chimpanzee, J. vuLvns (Fig. 239), and the gorilla- 
like 1 mafiicn (Fig. 241), differ very strikingly from the ordinary 
■luthropithccuH niger (Fig. 240), not only in the size and proportion 
of many jiarts of tlio body, but also in the peculiar shape of the 
head, especially the ears and lips, and in the hair and colour The 
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controversy that still continues as to whether these different forms 
of chimpanzee and orang are "merely local varieties” or "time 
species ” is an idle one ; as in all such disputes of classifiers there is 
an utter absence of clear ideas as to what a species really is. 

Of the largest and most famous of all the anthropoid apes, the 
gorilla, Paschen has lately discovered a giant-form in the interior 
of the Cameroons, which seems to differ from the ordinary species 





Fm, -241 —Female mafuka UntJnnjnthrrut, mniuha\ I Fi( 
Anth I (ijjdul Ajjcs, iJ ‘20S 


II lih ln>i I ( '1 1! Ma» liinmn’s 


{(ronlht Fig. 242), not only h^ its unusuiil su(' and strcngtli, 
l)ut also hy a special foniiation of tlio skull d’liis giant gorilla 
{(.Tonlld (jiijna, Figs 243, 244) is two metres and sevim centnnein's 
|si\ feet, eiglit inches! long; the span of its great arms is 2.S() cmiti- 
nietres | nine feet | , its powerful chest is twice as Imoad as tliat of 
a strong man. 

The whole structure of this huge anthropoid ape is not merely 
very similar to tliat of man, hut it is substantially the same. “ Tlie 
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same ‘200 lanios, anungocl in tlie same way, form our internal 
skoU'tt)!! : th(' sjuno 300 muscles effect our movements; the same 
hair covers our skin ; the same gi’oups of ganglionic cells compose 
tlie ingenicms mociuinism of our brain; the same four-chambered 
lu'urt is l ho central pump of our circulation.” The really existing 



I'’u. Female gorilla. {From Itivhm ) 


differences in tlic slia])e and size of the various parts are explained 
by differences in their giowth, duo to adaptation to different habits 
of Iif(' and unecpial use of the various organs. This of itself proves 
morphologically the descent of man from the ape. We will return 
to tlic iioint in the Twenty-third Chapter. But I wanted to point 
already U) this important solution of “ the question of questions,” 
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})i'caust' t iiat af^rceincut in the formation of the embryonic membranes 
and in ftidnl circulation which I have described affords a partictdaiiy 
jyroof of it,. Tt is the more instructive as even cenogenetie 
structures may in ceriain circumstances have a high phylogenetic 
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FIFTEENTH TABLE 

SYNOPSIS OF THE EMBRYONIC PLATES (LAMELL.^ 
EMBBYONALBS) OF THE VERTEBRATES AND THEIR 
CONNECTION WITH THE CHIEF ORGANS AND TISSUES 


Germ-layers. Germinal Plates. 

Blastophylls. Blastoplatts. 

LamtncB embryo- LavielltB emhryo- 
nales. nales. 


Chief Orgrans 
of the 

Vertebrates. 


Tissues of the 
Vertebrates. 


A. Ectoderm. 

Outer germ-layer. 
Epiblast or 
ectoblast. 
Upper limiting 
layer. 

Skin -layer. 


1 . Horn-plate. 

Lamellacornu- 

alis. 

2 Medullary- 
plate. 

Lamella medtd- 
Im'is. 

3. Sense-plates 

(local produota 
of tho sense- 
layer). 


1 Qlrin ’ f Epithelial tissue of 

1. Outer SKln. J outer skin, tho 
Epidermis , [j^outh, and anus. 


2. Nervous r 

system. J 

Medullarj' tube [ 


Ganglionic cells 
and uer\'o-fibres. 


3. Sense- 
organs. 

Sensilla. 


Differentiated 

seiise-cpithelia. 


/Cutis, eonnectivo 

C. I. Episo- 4 Cutis-plate. . roHnni ' tissue, and smooth 

mites Lamella conoha. - muscles of tho 

(epimera) I inosoiichyni. 

dorsal 5 Muscle-plate. 5 Lateral 

somites Lnviella mm- muSCles of / Annual muscular 

Primitive seg- ciUaris. the trunk ( tissue (struited) 

menta of tho (uiyotomcs) 

dorsal half. 0. Skeletal- 6. CHorda- I Supporting tissue 

“Stem-zone” Plate. i Sheath and j of the skeleton, 

of the Lamella aide- its proees,soH '| eaitilage, and 

Ammotes. taha. (pcrichorda). { bones 


0 TI Hypo- 
somites 

(hypomera) 
vent ml 
somites. 
Primitive seg- 
ments of tho 
veiitr.il half. 
“ Lateial 
plates ” of the 
Ammotes 


, 7 Prorenal 

canals. 

Nejihi otoma 

fi. Sexual- H 

plate. 

(Umotomn 

0 . Vascular !) 

strings. 

17/.S// ail n (fin - 
fcHt 

10 Mesenteric- 

plate. 10 

LameUn mes- 
eiitm ica. 


Prone- ( 

phridia. I Un Mai\ epithe- 

Proren.il f.i- ' Iiuiii of tlie pione>- 
iials (latei pn- j plindi.i .iikI tin* 
iiiitiM- IvuhieNs l.itL'f leiial canals 

anil Ividness) 

Gonads I' Conidia 

(ovaries and i (o\ii uud sjiei- 

spenu.u les) ' niat,o/oa) 

Dorsal , 

artery Tissues of the 

a o I t a 11 11 d - \asculai walls 
M'litial \ein 1 i\ liiph-ei'lls 

(heart) ' 

Mesentery , Smootli nniscics 

and iniiscul.ir . and iii<‘s<*Mcln in 
w.illof thegut ^ of the gut 


1) Entoderm. 

Inner germ-laver, 
hypoblast, or 
endohlast. 
Lower limiting 
la>er. 
Gut-la>or. 


11. Chorda- 
plate. 

Knilohlitstaa 

chnidalia 


12 Gut-gland- 
plate. 

Lamella enfei ■ 
aha - 


II. Chorda 

(axial lod) 
('ho Ilia (lot fill! IS 


12a. Head-gut, 

Ceiilialogaster, 
branchial gut. 


12b Trunk-gut, 

Hopatogaster, 

liver-gut. 


Cliorda-Lissiie 

2 a Respi ratoi \ 
e[)itht‘Inini of tin* 
gullet .111(1 gill- 
crate, the hv Jio- 
braiichial groove, 
and the lungs. 

12b. Digestive 
epithelium of 
stomach, liver, 
small and large 
intestines. 




